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ABSTRACT Q 06 L} ¢

This report presents the description of a Computer
Subroutine for use in caleculating the visibility of
the Iunar Excursion Module (IEM), Ascent Stage during
the moon orbit rendezvous with the Command Service
Module (CSM). The computer technique described here
is however generally applicable with minor modifica-
tion to the problem of spacecraft visibility. The
subroutine makes use of bi-directional reflectance
data for designated 1EM materials to compute the
illumination of the observer by IEM reflected light.
The subroutine considers direct sunlight and both
earth and moon reflected sunlight as sources of

IEM illumination.

Geometric factor effects for the moon are treated
by lunar surface mapping and use of the ILunar
Reflectivity Model Tables (Ref. 3). The eclipsing
of the sun and earth by the moon relative to IEM is
considered.

vii/viii
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SECTION 1
INTRODUCTION

Computation of the illumination of an observer by a distant object in
space is a complex function of the position and attitude of the object
(target) in relation to the light sources, optical surface properties
and geometry of the target, position of the observer and strength of

the light sources. Problems of this type do not readily lend them-
selves to closed form solutions except where the nature of the physical
effects and the geometry of the objects are treated in an extremely
simplified fashion. However by application of numerical technique and
the use of large scale digital computers, a program may be created to
approximate the solution of such a problem to a high degree of accuracy.
This report documents a significant subroutine of such a program and
shows the relationship of this subroutine to the master program. In
addition this report contains specific information for the IEM regarding
geometry and bidirectional reflectivity of the IEM surface coatings used
by the subroutine in the determination of target illuminance.
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SECTION 2
DISCUSSION

2.1 DESCRIPTION OF THE PROBIEM. In order to establish the visibility
of an obJject in space, it is necessary to determine the illuminance of
the obJject at the observer and compare it to the illuminance of the back-
ground. This document describes a digital computer subroutine designed
to solve by a numerical method the problem of the illuminance of an
object under varying conditions of illuminance. This report is a contin-
uation of the work of reference 6 and translates the general problem of
radiant energy transfer between target and observer into a specific
numeric procedure for computing the illuminance of the IEM spacecraft at
the CSM spacecraft, preliminary to lunar orbit rendezvous. The TDM sub-
routine described here interfaces with the general program for computing
target visibility in the manner shown in figure 1.

Other system interface information is shown 1n the annotated copy of the
"Visibility Program Interface Descriptions" of Appendix A.

To summarize; when given the geometric location of the principle sources
of visible light this program:

1. Examines the nature of the illumination of the IEM vehicle.

2. Making use of built-in information regarding the IEM vehicle
geometry and bi-directional reflectance properties of the
vehicle surface materials, the subroutine computes the reflected
luminance available at the observer's position.

2.2 SUBROUTINE CONCEPT. The IEM vehicle ascent stage, figure 2, is mapped
into many elemental surface areas by making use of the data provided in
reference 7. This mapping was done outside of the program apd forms a

part of the basic data input. A discussion of this mapping is contained

in Section 2.3 Vehicle Geometry. Surface elements fit two classes.

Those which may be shadowed and those which cannot be shadowed. There is

a distinction here between a surface which is shadowed and & surface which
does not face the sun or the observer. On any vehicle, there will of
course be many surfaces which do not face the observer or the sun depending
on the orientation. The surfaces which are referred to as "shadowed" are
surfaces which would ordinarily be illuminated by a source and/or seen by
the observer were it not for another intervening (shadowing) surface. For
the shadowable surfaces special computations are required and these are
discussed in Section 2.8. In general, however, the required information
concerning a planar surfece element is its area and the direction cosines
of the normal vector.

Consider now one of these elemental surface areas in relation to a source
of light (figure 3). If the source is a point source then the illumination
incident on_the element is collimated and msy be measured in light-
watts/meter” on a surface normal to the source vector. A discussion of
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the units of illumination is contained in Section 2.4. The luminous
flux (F) intercepted by the element is a product of the illumination
(E) and the projected area of the element for the source

F = E (VONT - VOTS)(RAREA) lightwatts (1)

If the surface were perfectly diffuse and reflected all of the incident
energy, then the luminous intensity leaving the surface along the normal
would be

_ lightwatts
I, = Y/ F steradian Ref. 5, page 257 » (2)

and in the direction VﬁbV

I = 1/1 F(VONT - vOov) (3)

If now one defines p as the ratio of intensity in direction VOOV of our
particular material to that of a perfect-diffuse reflector in the same
direction the intensity in direction VUOV would be;

rd

I(viov) = 1/1 pF(viNT - VOov) (4)

Assuming that the surface has no variation in bi-directional reflectance
as a function of azimuthal angle from an arbitrary line in the surface
to the projection of the source vector (VﬁTS), p may be defined as a
function of the three angles shown in figure 3

Y =F(6, 9': ¢’) .

The value of p 1s measured by the methods of reference 8 for LEM

associated materials and is stored in tabular form as working data of the
subroutine.

The value of illumination produced by the particular element under con-

sideration at the position of the observer may now be computed.- Substi-
tuting equation (1) into (4)

I viov) = 1/1 pE(VUNT - VOrs) (vONT - vOOV) RAREA (5)
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and since the illumination

2
E(os) = L(viov)/P (6)

where D is the distance to the observer, then

E(opg) = /1 pE(VEET - VObS) (VONT - VUOV) QI;M;"“—L (1)

This equation 1s used to compute the total illuminance at the observer
by performing a summation over all vehicle elements which are illuminated
and "see" the observer under the overriding condition of shadowing.

If, as discussed above, the source of illumination for the IEM were only

a point source of known value, then the program concept would be complete.
However, this is not the case. The lunar orbit rendezvous maneuver occurs
in close proximity to the lunar surface (80 n.mi). At this distance

the bright moon background forms a widely distributed source of varying
luminosity. In order to properly integrate the effect of this distributed
source, the surface of the moon must be mapped into many elemental areas.
Each ares must meet the criteria of smallness compared to the distance to
the target vehicle. P. Moon, reference 5, page 183 indicates that if the
error in applying the inverse square law is to be less than l%, the distance
to the target should be at least five times the largest dimension of the
surface source. In addition, the source intensity in the direction of the
target must be known. To obtain this intensity the TDM subroutine described
here makes use of the Lunar Reflectivity Model, reference 3.

The tabular data of figure 4 is used in linear double table look-up form
to compute the photometric function ¢. The photometric fungtion is then

multiplied by the solar illumination ES in lightwatts/meter® to yield a
luminosity

B=E_ ¢ (a,f) (8)

in the direction of the target vehicle. The illumination then at the
target vehicle is

E = - =—— (VUNs - vis) (9)
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where D is the distance from a particular lunar surface element to the
target vehicle and

- A (VUNS - VUDS)

is the projected area of that surface element in the direction of the
target vehicle. The geometry of the angles involved in the photometric
function are shown in figure 5.

When the sun 1s above the lunar horizon for the target vehicle (1IEM),
the TDM subroutine examines the illumination contributed by each of the
moon surface elemental areas for each of the IEM surface elements under
the condition of vehicle self shadowing.

In addition to lunar reflected sunlight the program considers the sun and
earth reflected sunlight as sources. Both of these sources are treated as
point sources obeylng the inverse square law and the illumination is
discussed in Section 2.h4.

The program relates the geometry of the various sources by transformation
matrices discussed in Section 2.7. All integration (summation) of illumi-
nance of the observer by reflected illumination from the target vehicle

is performed in the vehicle system. The vehicle system is discussed in
Section 2.6. The integrated illumination to the observer is presented in
lumens/ft as output of the program although all computations internal to
the program are performed in lightwatts and meters.

2.3 VEHICIE GEOMETRY, IEM ASCENT STAGE. The IEM ascent stage of figure
2 was divided into 63 surface areas and 2409 elemental receiver areas as
defined in Section 4.2. Each surface area is classed as shadowable or non-
shadowable and a general description of its coating appearance is given

in Table 1. Table 2 contains the necessary geometric information required
by the TDM.

For non-shadowable planar surfaces, no subdivision of the surface into
elemental areas is required. The information required by TDM and stored
by the subroutine as data is:

1. The total surface area.

2. The direction cosines of the surface normal.
For an example of this type of surface, see surface 1 of Table I.
For shadowable planar surfaces, the surface must be finely divided into
smaller areas in order to properly account for partial shadowing of the

surface. A standard element size for this condition was chosen as .01
meters®. Where possible this dimension was used in defining an element

10
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area. TableIXgives the required data for this type element which is;

1. area,
2. direction cosines of normal, and

3. location of the element's center in the IEM vehicle coordinate
systen.

For an example of this type of surface, see surface 2 of Table 2.

A1l of the surfaces on the IEM are either planar or cylindrical. The first
58 surfaces in Table IT are planar. Surfaces 59 through 63 are cylindrical.
For the non-shadowable cylindrical surfaces, the surface elements are long
narrow strips running the length of the cylinder. These elements are
defined by;

l. area, and
2. direction cosines of normal.
For an example of this type of surface, see surface 59 of Table II.

When the surface is cylindrical and shadowable the surface elements are
defined in the same manner as shadowed planar elements, except of course
that the direction cosines of the elements vary around the circumference
of the cylinder.

Another problem of geometry is the establishment of the shadowers. Data

on shadowers is contained in Table III of Section 4.2. Each shadower is
represented as a closed polygon defined by the coordinates of the vertices
in the IEM vehicle system. All of the points of the shadower must lie
within a common plane. The adjacent sides of the polygon must form an

angle less than 180 when measured from within the polygon (i.e., the polygon
is convex). Shadowers of this type form in effect a silhouette of the solid
object shadowing another surface when viewed from the shadowed surface,

A full understanding of shadower definition is best obtained by use of a
three dimensional model of the vehicle. The mathematical technique involved
in shadowing computation is discussed in Section 2.8.

2.4 LIGHT SOURCES. The primary source of all visible energy treated in
this program is the sun. The energy emitted by the sun has the spectral
characteristics of figure 6 at the mean earth-sun distance and varies with
distance from the sun by the inverse square law. The TDM subroutine assumes
that the spectral nature of the visible 1light (.38 - .76 u) is unchanged by
reflection from the earth or the moon so that all light arriving at the
target (IEM) has the same spectral signature. Illumination from a continuous
light source such as the sun may be computed by

_ 0
E —z[ V,Ed, (10)a

12
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Whire)Y& is the standard visibility function (JUDD, Bu Stds J. R., 6, 1931,
p 465).

The product V, H, is plotted as a function of A to produce the solar
illuminance fﬁnd%ion of figure 7. When the units of irragiation are those
given by figure 6 the units of V, H, are lightwatts/meter” X micron. When
the curve of figure T is integra edoner all wavelengths, the resulting
illumination at the mean earth-sun distance is

[e)
E =z[ v,E 4 = 203.8 Lightwatts (10)

5 AA meter2

Because the distance to the sun varies with the time of year and since the
moon-sun distance is supplied by the visihility program)Es is computed by
the inverse square law as a function of SPOS

E_ = 4.566932 x 102L‘/ | sBgs |2 (11)

where E_ is expressed in lightwatts/metercand | sPos| (aistance to the sun)
is expréssed in meters. An error of less than 0.3% is introduced by the
assumption that the distances from the target, the earth, and the moon to
the sun are all the same. For this reason, equation 11 is the only one
used by the program for the computation of solar illumination.

The TDM subroutine computes earth reflected illuminance by the approxi-
mation formula given in reference 2 where h >> R '

B = 2aEs R? [sin ¢ + (II=-¢) cos ¢ (12)

3 (R+h)2 o

where a = the earth albedo = .L

ES = the solar illuminance > 203.8 Lightwatts
. meter

R = the radius of the earth

h = altitude above earth surface

$ = the phase angle

1k
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Computation of lunar reflected light has already been discussed in
Section 2.2 Program Concept. PFor the gecmetric situation in which the

sun is above the lunar horizon, the surface of the moon is mapped into
many elements. (The TDM uses 400 for an 80 n. mi. orbit.) The geometry
of this mapping about a point on the surface of the moon directly below
the vehicle is shown in figure 7. Sunlight is reflected from each of
these elements in a manner defined by the Lunar Reflectivity Model, figure
4; see also Ref. 3. This model, so far as the TDM subroutine is concerned,
consists of a double linear table look-up with the angles o and T &as
defined by figure 5 as independent variables. Having established that

the sun is above the horizon for the IEM, the subroutine computes the
angles ¢ and 7 for each element and looks up the corresponding value of
¢. Bach element is now treated as an additional source of light.

16
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2.5 BCLIPSING. Any computation of illumination in the near wvicinity
of the moon must account for the possibility that on occasion one or more
sources may be behind the moon relative to the target vehicle. For this
reason special logic has been included in the TDM subroutine to account
for the moon as an eclipsing body. All other conditions of eclipsing,
i.e., the sun by the earth, are disregarded. For various positions of the
LEM target vehicle and the CSM observer vehicle with respect to the moon,
sun, earth, the following conditions of lunar eclipsing are treated.

For the LEM:
1. Sun eclipsed by moon (Lunar nite).
2. Barth eclipsed by moon (Dark or Earth).

For the CSM:
1. IEM eclipsed by moon (LEM below horizon).

The condition of eclipsing is computed by the simple expedient of comparing
the angles from source to the lunar center (origin) with the angle to the
horizon (see figure 9). If the sun is below the horizon for the IEM,

there is no illumination from the sun or the moon (albedo). If the earth
is below the lunar horizon, earth light energy is not computed. If the

LEM is below the lunar horizon for an observer in the CSM, then no
visibility can occur.

18




2.6 COORDINATE SYSTEMS. Three coordinate systems of reference are
used by the TDM subroutine. These are:

1. The selenocentric system, which is defined by the Interface
Description document of Appendix A.

2. The vehicle system, which is defined by the IEM drawings of
reference 7 (see figure 2).

3. The sub-vehicle point system, which is defined by the
following:

a. The "z" axis points in the direction of IEM.

b. The "y" axis is chosen in the "xy" plane of the seleno-
centric system.

c. The "x" axis completes a right handed system.

d. The system has a common origin with the selenocentric
system.

Fach coordinate system is related to the others by the transformation
matrices discussed in Section 2.7. All trajectory data is supplied to
the TDM subroutine in the selenocentric system. All computations of
observer illuminance are performed in the IEM vehicle system. The lunar
surface mapping is done in the sub-vehicle point systen.

19



2.7 MATRIX TRANSFORMATION. Two matrix transformations are used by
the TDM subroutine. These are:

1. Attitude Matrix - which transforms points or vectors between
the LEM vehicle system and the selenocentric system.

2. Sub-Vehicle Matrix - which transforms points or vectors between
the selenocentric system and the sub-vehicle point system.

The transform of the attitude matrix is defined by rotations about the
principle axes of the LEM vehicle relative to the principle axes of the
selenocentric system. These rotations are provided for TDM by the tra-
Jjectory section of the visibility program and are:

TATT(l) = rotation about IEM "x" axis = yaw (y)

piteh (p) .

TATT(2) = rotation sbout 1EM "y" axis
TATT(3) = rotation about IEM "z" axis = roll (r)
(See Pigure 2.)
The order of rotation is defined in that order: Yaw, pitch, roll and
positive rotation is defined in the same sense for each axis as a right
handed screw:
1. Positive yaw = nose left
2. Positive pitch = nose up
3. Positive roll = left side up

The z axis points toward the nose. Observing these definitions

10 0 cos p O sin p cos r - sinr O
TRS(MATT) = Ocosy -siny 0 1 0 sinr cosr O
Osiny cos y/ \-sin p O cos p 0 0 1

20




The sub-vehicle matrix is defined by the temporal position of IEM as
provided to TDM by the trajectory portion of the visibility program.
The only pertinent direction is that TPOS in the selenocentric system
defines the direction of the "z" axis in the sub-vehicle point system.
The matrix transform follows easily if the y axis is arbitrarily chosen
to lie in the selenocentric "§y" plane and the x axis completes a right
handed system VZSV = UNIT (TPOS)

Msvp = | - - ©
VESV )y VISV, VESV(q)

For the attitude matrix post multiplication by a column vector represent-
ing a point in the selenocentric system yields a point in the vehicle
system. For the sub-vehicle matrix post multiplication by a column
vector representing a point in the selenocentric system yields a point

in the sub-vehicle system. Both matrices are orthonormal transforms where
the transposed matrix is the inverse transform.

21



2.8 TECHNIQUE FOR SHADOWING COMPUTATIONS. In the initial comsideration
of the computation of the reflected light from the IEM vehicle, it was
assumed that the vehicle shape was convex., That is, it did not have
external surfaces which would be "shadowed" by the other surfaces. There
is a distinction here between a surface which is shadowed and a surface
which does not face the sun or the observer. On any vehicle, there will
of course be many surfaces which do not face the observer or the sun
depending on the orientation. The surfaces which are referred to as
"shadowed" are surfaces which would ordinarily be illuminated by the sun
and seen by the observer were it not for another intervening (shadowing)
surface. Actually, most space vehicles are "convex." It was found upon
obtaining detailed data giving the actual shape of the IEM (drawings and
a model) that the vehicle was by no means "convex" but had many surfaces
which were capable of being shadowed. This situation considerably com-
plicates the reflected light computation.

For a convex vehicle as the IEM was assumed to be, it is only necessary
to establish the direction cosines and the area of each flat surface and
to divide curved surfaces into a sufficient number of flat areas to
approximate the curved surface, the criteria for the flat plates being
established in reference 6. This data, together with the direction of
the observer and the source (and the directional reflectance properties
of the surfaces) would allow computation of the reflected light in a
fairly straightforward manner. The positioning of one surface relative
to another surface was not required in this scheme. The situation might
be invisioned as a series of flat plates at a specified angle, each one
being considered separately and its relation to others not considered.

If shadowing is considered, however, this picture is altered. It is
necessary to establish the relationship of one surface to another if
shadowing is possible. The method used by TDM to handle the shadowing
problem is as follows:

1. The surfaces of the vehicle was "mapped" Jjust as initially
planned. The direction cosines and the area of each surface
were tabulated. The curved surfaces were divided into many
flat surfaces and tabulated along with the other surfaces.

2. By inspection of the vehicle drawings and of the vehicle model,
the surfaces that cannot be shadowed were established and
treated just as initially planned. Some of the surfaces of
the IEM vehicle cannot be shadowed.

3. The surfaces which can be shadowed or cause shadows were then
determined and tabulated (if a surface can cause a shadow, 1t
can also be shadowed).

k., The surfaces which can be shadowed were divided into many
small areas (square, rectangular, triangular or hexagonal;
usually square but in some cases rectangular). The area of
each of these little areas was determined and the coordinates
of the center point of each small area was tabulated.
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FIG. 10 : SHADOWING GEOMETRY
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5. For each surface that is capable of causing shadowing the
point at which the line enclosing the surface changes
direction (i.e., corners) is designated by a point and the
coordinates of these points were tabulated. (See Figure 10)

6. Lines are extended from the determined center point of each
potentially shadowed area to the source and the observer.
The points of intersection of these lines (source and observer
vectors) with the plane containing the shadowing surface (i.e.,
plane through three "corner" points) are calculated. It is
then determined whether or not these points lie within or
outside the shadowing surface. If the point (intersection with
the source or observer vector) lies within the shadowing surface,
the area in question is shadowed. If neither point lies within
the shadowing surface, the area is considered illuminated.

Application of this procedure to all shadowed surfaces aliows determination
of the extent of shadowing. In the program, illuminated surfaces (surfaces
receiving light from the source and "visible to the observer) will be
treated as an ordinary unshadowed surface and shadowed surfaces will be
considered black.

MATHEMATICAL TREATMENT. The mathematical treatment of the problem
is as follows: Consider the schematic representation given in figure 10.
The shadowed surface is divided into a number of small areas, the surface
causing the shadow has given the coordinates of the corners. The equations
of the lines from the shadowed surface to the observer and the source may
be determined by substituting the coordinates of the center point of an
element (px, P, pz) and the direction cosines of VUTS or VIOV into the
following equa¥ions, considering the VUTS vector only, one obtains

X-p ¥Y-P, Z-P

— = - (13)
vu'rs(l) VUTS(2) vui's-(3)

This may be written as pairs of equations in x, y, and z of the following
form:
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X=m y +cC (1)4»)

z=m,y +c, (15)

17 Vs, . 0 1T Py ™

? Cp = Pz-Py o

The general equation for a plane has the form

AX +By+Cz =D (16)

The values of A, B, C are the direction cosines of the normal to the
shadowing plane and they may be determined in the following manner.

Define two vectors vl and v2 as:

U, (ax-bx) i+ (ay—by) J o+ (az-bz) k

!

]

U, (cx-bx) i+ (cy-by) J o+ (cz-bz)

and the normal vector _1\'1 is determined as follows
Foar® = AT + B] + CE
and A, B, C are known.

Substituting the coordinates of any one point in the shadowing plane, the
value of D is obtained:

D=Aa +Ba +Ca (17)
X Yy z

Thus the equations of the line and the plane are established.
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It remsins to be determined if the line intersects within the boundary
incompassed by the point a, b, ¢, d. First, determine the coordinates
of the point of intersection. Substitute 14t and 15 into 16 and solve
for y. Knowing y, use equations 14 and 15 to solve for x and z. Next
the vectors from the intersection i to the corners of the shadowing
surface are tabulated

i
i

1 (ax-ix) i+ (ay-iy) J+ (az-iz) k

=i
[}

(b =1 ) T + (byrly) 3+ (bz-iz) k

<1
]

v

]

Then in sequence, find the sum of the absolute value of the cross products

of Vl with Vé,

v; with Vé,...,vn_ with V ,and V_with V,, completing the loop.

1
i=1
[T, x T ] + ) ¥, x¥,.] s 24 (18)
i:n

If this sum equals exactly 2A, then the intersection point is within the
boundary. If it is some value more than 24, it lies outside the boundary.
It should be noted that when the absolute value is not used, 18 always
yields 2A. The numerical evaluation of 18 is straightforward. The

cross product of V1 and o can be expressed as a determinant.

1 3 K

1 X ﬁé = (ax-ix) (ay-iy)(az-iz)

(bx-ix) (by-iy)(bz-iz)

The value of V., X ¥ is then the square root of the sums of the squares
of the coefficiénts of 1, j, k.
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SECTION 3
USER’S PROCEDURES

3.1 SUBROUTINE USE. This subroutine is a self contained link of

the Space Visibility Program as defined by figure 1. However, several
modes of operational use exist. The user can by use of the operational
flags SOURCE and SHADOW elect at will the inclusion or exclusion of

any source energy or shadowing computation for that source to the illumi-
nance calculations. Observer shadowing calculations may also be excluded
by the shadow option. A second pair of input options NR & NC serve to
define the number of elemental areas to be considered on the surface of
the moon. NR indicates the number of "rows"” around the moon with the
sub-vehicle point as the pole. NC indicates the number of "columms" to
the horizon. The reader should examine figure 8 for a full understanding
of the use of these options. The subroutine is presently programmed to
handle a maximum number of elements (NC) x (NR) = 400. If by error the
product (NC) x (NR) is outside of the range of 1 thru 400, NC is set to
10 and NR set to 40. All necessary information for calculation of the
target description as defined by the interfacé document of APPENDIX A is
contained in the deck of cards labeled TDM and associated subroutines,
and associated subroutines, is commumicated to subroutine TDM via the
common named NASA (see Section 3.2 below), and is read into computer
memory by TDM from a magnetic tape, which is written by the auxiliary
program 3960A. This tape contains a geometric and reflectivity descrip-
tion of the target vehicle.

3.2 INTERFACE INFORMATION

COMMON/NASA/

Input Variable Dimension Relative Ipcation in Common NASA
SPOSX 3 0]
EPOSX 3 3
TPOSX 3 6
OPOSX 3 9
TATT 3 12
SOURCE 1 15
SHADOW 1 16
NR 1 17
NC 1 18

Output Variable
VIS 1 19
B 1 20

Users Options: SOURCE, SHADOW, and NR & NC.

The dictionary Section 6.2 describes the use of the SOURCE & SHADOW
option flags and also defines VIS and B.
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3¢3 SAMPLE CASE

SUBROUTINE TDM READS THE FOLLOWING TARGET
GEOMETRIC INFORMATION FROM A MAGNETIC
TAPEs WHICH IS CREATED BY THE AUXILIARY
FROGRAM 3960 A,

NRE 7
REFLLECTOR AREAS
1 5
2 Y-
3 5
4 5
5 2
6 4
7 2
REFLECTOR UNIT NORMALS
1 1 0 (o)
2 1 0 o)
3 1 0 0
4 1 0 ]
S (o] 0 -1
6 o -1 0
7 0 (o) 1
REFLECTOR CENTERS
1 1 25 Y-
2 1 25 1.5
3 1 78 15
q 1 75 5
s 1 5 (o]
é 1 0 1
7 1 5 -]
NSURF 4
INDEX OF FIRST REFLECTOR FOR EACH SURFACE
1 1 '
2 5
3 6
4 7
5 a8
TARGET SURFACE MATERI!ALS
1
2
3
4
SHADOWER NUMBERS FOR EACH SURFACE
1 1 2 3
2 0 0 (o]
3 (o] 0 (o]
4 0 (o] o]
NS 3
SHADOWER DOUBLE AREAS
1 4
2 8

3 4




. SHADOWER UNIT NORMALS

1 o] o -1

2 o -1 o

3 o 0 1
INDEX OF FIRST CORNERS FOR EACH SHADOWER

1 1

2 5

3 9

4 13

SHADOWER CORNERS

12
1
2
3
4
=]
6
7
8
S
10
11
12

NOONMNMNMNOONNOONDN
00~~~ 0000+ =~=00
MNPV OOOOOO

THE FOLLOWING INFORMATION 1S GIVEN TO
SUBROUTINE TDM VIA COMMON NASA,.

NR 40 NC 10

SOURCE 7 SHADOW 15

SPOS 0 1SE11 o
EPOS 4.,E08 o o
TPOS ~3.476E6 3¢476E6 ~3476E6
OoPOS o 3+4476E6 o
TATT 10 10 0

3e4 SAMPLE CASE RESULTS

B=e¢35378831E-11 vVIis=7?

THE CHECK CASE 1S FOR PROGRAM LOGIC CHECKe IT MAKES USE OF DUMMY
GEOMETRIC DATA AND FOR ALL CASES SETS THE BI~DIRECTIONAL REFLECTANCE
TO THE VALUE ONEs IT IS IN NO wAY REPRESENTATIVE OF THE LEM,
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FIG. Il : LEM  ASCENT STAI
SHOWING MAPPED
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SECTION 4
LEM VEHICLE DESCRIPTION

h.1 DISCUSSION OF MAPPING PROCEDURES. The concept of mapping the vehicle
into elemental areas for illumination calculations was discussed in Section 2.
This section deals with the specific vehicle surface elements, their defini-
tions and the potential shadowers involved with each. Figure 11 shows a six
view drawing of the LEM on which each of the reflecting surfaces have been
marked. All data contained in the tables of this section were obtained by
use of the LEM drawings of reference 7. In many instances (where dimen-
sions were not supplied by the drawings) data was extracted from the draw-
ings by use of a scale and/or protractor. For singly canted surfaces

normal vectors are readily obtainable by the usual procedures of geometry.
For doubly canted surfaces, normal vectors were obtained by taking the
vector cross product of two lines lying within the surface. Where shadow-
ing calculations are involved the shadowed elements were mapped into areas
less than .01 metersz, this number was determined more by machine storage
limitations and an estimate of running times rather than by any careful analysis
of error. The reader is refered to the Numerical Integration section of
reference 6 for a discussion of error. Section 4.2 of this report consists
of three tables; Table I describes the surface appearance and lists the
shadowers of that surface, Table II describes the orientation and location
of the surfaces in the ILEM vehicle reference system as defined by the
drawings reference 7. It should be noted that the origin of this system
lies outside the ascent stage in the direction of negative "™". While for
the dimensions involved in calculations performed here, this can have but
little importance, if it is desired to place the origin at the c.g. a
constant value of X may be subtracted from all the location data of Table II.
Table III defines 81l of the shadowers in terms of the corner points. The
area and direction cosines of the shadowers are also listed.

All of the tables are prepared by the auxiliary program 3960A, which, in
addition to listing all the geometric deata in tabular form, writes both
the geometric and reflectivity data in binary form on a magnetic tape for
use by the TDM subroutine.
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4.2  TARGET DESCRIPTION LISTING

VISIBILITY IN SPACE TARGET DESCRIPTION PROGRAM
LEM VEHICLE

CONVAIR CONTRACY NAS 9-4814 FOR THE

€3 SURFACES 2349 ELEMENTAL REFLECTOR AREAS

SURFACE NO.

IN) b et (ond fot ot pont ot et o
OQCWVONOTTVMPAWNMEHMOOVOINNON S WN -

NN
N

WNNNNNNN
QUOVO®~dOWVPW

W ww
W N -

SLWWWWWW
QUOUo~NOWmH

>
W N -

'
+»

COATING NO.

Pt ot o et e b ph pomd ok b P pnb i pd b o ol (b ot (b fd it food (ot fd et o fod d push fud b e i d (e ok ok ot ph ok (b e

THE VEHICLE IS DESCRIBED BY

TABLE I

COATING APPEARANCE

ALUMINUM
ALUMINUM
ALUMINUM
AL UMINUM
AL UMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM

PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINTY
PAINT
PAINY
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINTY
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINY
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT

SHADOWABLE
NO
YES BY 1
YES 8Y 4
YES 8Y 7
NO
NO
YES 8Y 5
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
YES BY 9
YES BY 10
YES BY 11
YES BY 13
YES BY 2
YES B8Y 5
NO
NO
NO
NO
YES BY 16
YES BY 17
YES 8Y 17
YES B8Y 18
YES B8Y 18
NO
YES BY 22
YES BY 22
YES BY 25
YES BY 17
NO
YES BY 26
YES BY 17
NO
YES BY 19

32-1

AND 34 SHADOWERS

12
14
15

19
19
20
20

23
23

18

19

21
21

24

19



SURFACE NO.
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

COATING NOG.

L ol o N e N e e N N N o)

TABLE I

COATING APPEARANCE

ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM
ALUMINUM

PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT
PAINT

SHADOWABLE
NO
YES BY 27
YES BY 28
YES BY 28
YES BY 28
YES 8Y 30
YES 8Y 28
YES 8Y 31
NO
YES BY 2
NO
NO
NO
NO
NO
NO
NO
NO
YES BY 132

29
29
29

29

15

33

31

34



TABLE II

| CUM, ELEM SUR, AREA DIRECTION COSINES ELEM MIDPOINT IN METERS
- ELEM NO. NO. SQ.METERS IF SHADOWABLE
NO. VEHICLE COORDINATE SYSTEM
I J K X Y 4

1 1 1 3,0900000 1.,00000 O. 0.
2 1 2 0.0100000 O. 0. 1.00000 6.,4900 1.3210 0,7370
3 2 2 0.0031000 O. 0. 1.00000 6.4900 1.2550 10,7370
4 3 2 0.0100000 O. 0. 1.00000 6,5900 1.3210 0,737"
5 4 2 0.0033000 O. 0. 1.00000 6.5900 1.2510 0.7279
6 S 2 0.0100000 O. 0. 1.00000 6,6900 1.3210 0.737n
7 6 2 0.0051000 O. 0. 1.,00000 6.,6900 11,2460 0,7370
8 7 2 0.0100000 O. 0. 1.00060 6,7900 1.3210 0.7370
9 8 2 0,0079000 O. 0. 1.00000 6.7900 1.2310 0.7370
10 9 2 0.0100000 O, 0. 1.00000 6.8900 1.3210 0,.,7379
11 10 2 0.0111000 0. 0. 1.00000 6.8900 1.2160 0,7370
12 11 2 0.0100000 O, 0. 1.00000 6.9900 1.3210 0.737"
13 12 2 0.0100000 O. 0. 1.00000 6.9900 1.2210 0.7370
14 13 2 0.,0032000 O. 0. 1.00000 6.9900 1.1550 0.,727"
15 14 2 0.0100000 O. 0. 1.00000 7.0900 1.3210 0.7379
16 15 2 0.0100000 O. 0. 1.00000 7.0900 1.2210 00,7370
17 16 2 0.,0111000 O. 0. 1.00000 7.,0900 1.,1150 0N,737N
18 17 2 0.0100000 O. 0. 1.00000 7.,1900 11,3210 0.7370
19 18 2 0.0100000 O. 0. 1.00000 7.1900 11,2210 00,7370
20 19 2 0.0100000 O. 0. 1.00000 7.1900 1.1210 0.7370
21 20 2 0.0081000 O. 0. 1,00000 7,1900 1.0310 0,737C
22 21 2 0.0100000 O. 0. 1.00000 7.2900 1.3210 0,.7370
23 22 2 0.0100000 O. 0. 1.00000 7.2900 1.2210 10,7370
24 23 2 0.0100000 O. 0. - 100000 7.2900 1.1210 0,7370
25 24 2 0.0100000 O. 0. 1.00000 7.2900 1.0210 0.7370
26 25 2 0.0066000 O, 0. 1.00000 7.2900 0.,9380 0,737n
27 26 2 0.0100000 O. 0. 1.00000 7.3900 11,3210 0,732370
28 27 2 0.0100000 O. 0. 1.00000 7.3900 1.2210 0.7370
29 28 2 0.0100000 O. 0. 1.00000 7.3900 1.1210 0.7370
30 29 2 ¢©€.0100000 O, 0. 1.00000 7.3900 11,0210 9.7370
31 30 2 0.0100000 O. 0. 1.00000 7.3900 0.9210 0.7370
32 31 2 0.0071000 O. 0. 1.00000 7.3900 0.8360 0,7370
33 32 2 0.0100000 O. 0. 1.00000 7.4900 11,3210 0.737"
34 33 2 0.,0100000 O. 0. 1.00000 7.4900 11,2210 0.7370
35 34 2 0.0100000 O. 0. 1.00000 7.4900 1.1210 0,737"
36 35 2 0.0100000 O. 0. 1.00000 7.4900 11,0210 0,.737"
37 36 2 0.,0100000 O. 0. 1.00000 7.4900 0.9210 0,7370
28 37 2 0.0100000 O, 0. 1.00000 7.4900 0.8210 0,737"
39 38 2 0.0107000 Q. 0. 1.00000 7.4900 0.7680 0,7270
40 39 2 0.0098000 0. 0. 1.00000 7.5900 1.3200 0,737"
41 40 2 0.0100000 O. 0. 1.00000 77,5900 1.2210 0,737n
42 41 2 0.0100000 O. 0. 1.,00000 7.5900 1l.1210 0N,73279D
43 42 2 0.0100000 O. 0. 1.00000 77,5900 1.,0210 0,727n
44 43 2 0.0100000 O. 0. 1.00000 7.5900 0.,9210 00,7270
45 44 2 0.0100000 O. 0. 1.00000 7.5900 0.8210 00,7272
46 45 2 0.0100000 O. 0. 1.,00000 7.5900 0.7210 0,7279
47 46 2 0.N0100000 O. 0. 1.00000 7.5900 0.,6210 0,727)




CUM,
ELEM
NO.

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
16
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94

ELEM SUR,
NO. NO.

47
48
49
50
51
52
53
54
5%
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76
77
78
79
80
81
82
83
84
85
86

WWOLWWWWWANNNNDNNMNNODNNDNNDNNNNDNDNNNDNDNDND NN NNNNDNNNNDNDNNDNDMDNNDNDNDNDND

~NO NP WN -

AREA
SQ.METERS

0.0099000
0.0076000
0.0100000
0.0100000
0.0100000
0.0100G00
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0056000
0.0122000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0071000
0.0117000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0075000
0.0006500
0.0010000
0.0010000
0.0010000
0.0010000
0.0010000
0.0010000
0.0010000
0.0008700
0.0100000
0.0031000
0.0100000
0.0033000
0.0100000
0.0100000
0.0051000

TABLE [1

DIRECTION COSINES

0.
O.
O.
0.
O.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.
0.
0.
0.

0.
0.
O.
0.
0.
0.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.

K
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.,00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.,00000
1.00000
1.00000
1.00000
1.00000

ELEM MIDPOINT IN METERS

IF SHADOWABLE

VEHICLE COORDINATE SYSTEM

X
75900
T.6900
T+6900
7.6900
T.6900
7.6900
T.6900
T.6900
7.6900
7.6900
7.6900
T.6900
7.7900
T.7900
7.7900
T7.7900
7.7900
T.7900
T«7900
T.7900
T.7900
T.7900
7.8900
7.8900
T.8900
7.8900
7.8900
T.8900
7.8900
T7.8900
7.8900
7.9450
T .9450
T7+9450
T.9450
T.9450
T.9450
T.9450
7 9450
T.9450
644900
6.4900
6.5900
645900
7.1900
6.6900
6.6900

Y
0.5210
1.3090
1.2210
1.1210
1.0210
0,9210
0.8210
0.7210
0.6210
0.5210
0.4210
0.3430
1.2320
1.1210
1.0210
0.9210
0.8210
0.7210
0.6210
0.5210
0.4210
0.3360
1.1300
1.0210
0.9210
0.8210
0.7210
0.6210
0.5210
0.4210
0.3340
1.1030
1.0210
0.9210
0.8210
0.7210
0.6210
0.5210
0.4210
0.3280
-1.3210
-1.,2550
-1.3210
-1.2510
-1.1210
-103210
"1.2460

33-2

4
0.7370
0.7270
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
N.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.,7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.,7370
0.7370
0.7370
0.7370
0.,7370
0.7370
N.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370



CumM,
. ELEM
NO.

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
129
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141

ELEM
NO.

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

SUR,
Na.

wuuwuuwwmwuwuwwuwuuuuwwuuuuuuuumumumwuwwuwwuuuu

AREA
SQ.METERS

0.0100000
0.0079000
0.0100000
0.0111000
0.0100000
0.0100000
0.0C032000
0.0100000
0.0100000
0.0111000
0.0100000
0.0100000
0.0081000
0.0100000
0.0100000
0.0100000
0.0100000
0.0066000
C.0100000
0.0100000
0.0100000
0.0100000
0,0100000
0.0C71000
¢.0100000
L +0100000
0.0100000
0.0100000
0.0100000
0.0190000
0.0107000
0.0098000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0099000
0.0076000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000

O.
O.
O.

O.
0.
O.

0.
0.
0.
O.
0.
0.
0.
0.
o.
0.
0.
0.
0.
O.
0.
0.
0.

0.
0.
0.
O.
0.
O.
O.
0.
0.
0.
0.
0.
0.
0.
Ce.
O.
0.
0.
0.
O.

TABLE 11

DIRECTION COSINES

0.
0.

0.
0.
0.
0.
0.
0.
O.
0.
0.
0.
0.
O.
0.
0.
0.
O.
O.
O.
O.
0.
0.
0.

0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.

K
1.00000
1.,00000
1.00000
1.00000
1.000C0
1.00000
1.00000
1.00000
1.,00000
1.00C00
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1,00000
1.00000
1.00000
1.00000
1.,00000
1.00000
1.00600

1.00000.

1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.0000¢C
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

ELEM MIDPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
6.7900
6.7900
6.8900
6.8900
6.9900
6.9900
6,9900
7.0900
T.0900
7.0900
T.1900
7.1900
7.1900
7.2900
72900
T.2900
T7.2900
T«2900
735900
73900
7.3900
T.3900
73900
T.3900
74900
T +4900
7.4900
T+4900
Te.4900
T.4900
T.4900
T+5900
T«5900
T.5900
75900
75900
7.5900
75900
T.5900
7.5900
T.6900
T7.6900
T.6900
7.6900
T.6900
T7.6900
T.6900

Y
‘102310
-1.3210
-1.2160
-1.3210
-1.,2210
-1.1550
-1.3210
-1,2210
—101150
-1.3210
-1.2210
-100310
-1.2210
-1.2210
-1.1210
’009380
-1.3210
-1.2210
“101210
-1.0210
-0,9210
-0.8360
-1.3210
‘102210
‘101210
-1.0210
‘609210
-0.8210
-0.7680
—103200
-1.2210
-1.1210
-1.021n
-0.9210
‘0.8210
-0.7210
"’0.6210
-N.5210
—1 03090
-1.2210
-1.1210
_100210
-0,9210
-0.8210
-0.7210

33-3

z
0.7370
0.7370
07270
N0.7270
0,7370
0.,73279
0.7370
0.7370
0.,7370
0.7370
0.7370
0.7370
0.7370
0.,7370
0,7370C
0.727D
0.7370
0.7370
D.7370
0.7370
0.7370
0.737N0
N.7370
0.7370
0.7370
0.7379
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0. 7370
0.7370
0. 7370
0.,73270
0.7370
0.7370
0.7370
0.7370
N.7379
0.7370
0.7370
0.,7370
0.7370
0.737D



CuM,
ELEM
NO,

142
143
144
145
146
147
148
149
150
151
152
183
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188

ELEM SUR,
NO. NO.

55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
T1
72
73
T4
15
16

17

T8

19
80

81

82

83

84

b-bJ\b.bJsb.b£~b-b#~a-bJ»w\»uoutuuiuxuu:w\nu:wnuuimtouw(»uJux»u:wtnu:w\»uxut»

AREA
SQ.METERS

0.0100000
0.0100000
0.0100000
0.0056000
0.0122000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0071000
0.0117000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0075000
0.0006500
0.0010000
0.0010000
0.0910000
0.001 0000
0.0010000
0.001 0000
0.0010000
0.0008700
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000

TABLE II

OIRECTION COSINES

1.00000
1.00000
1.00000
1.00000
1,00000
1. 00000
1.00000
1. 00000
1. 00000
1. 00000
1, 00000
1.00000
1. 00000
1. 00000
1. 00000

0.
0.
0.
0.
0.
0.

K
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.,00000
1.00000
1.00000
1.,00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0«
0.
0.
0.
0.

ELEM MIDPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
7.6900
7.6900
T.6900
7.6900
7.7900
7.7900
7.7900
7.7900
T.7900
7.7900
T.7900
T.7900
T.7900
77900
7.8900
7.8900
7.8900
T.8900
7.8900
7.8900
T.8900
7.8900
7.8900
79450
7.9450
79450
79450
T.9450
79450
T7.9450
T«9450
T7.9450
64500
6.4500
6.4500
6.4500
6.4500
6.4500
6.4500
6.4500
6.4500
6.,4500
6.4500
6.4500
6.4500
6.,4500
6.,4500

Y
“0.6210
-0.5210
-0.4210
-0.3430
‘1.2320
'101210
‘100210
-009210
-0.8210
-0.7210
-0.6210
“0.5210
”0.4210
-0.3360
‘101300
’100210
-0.9210
-D.821C
-0,7210
-0,6210
-0,5210
-0.4210
-0¢3340
’1.1030
-1.0210
-0.9210
-0.8210
-0.7210
‘0-6210
-0,5210
-0.4210
-0.3280
-1.,4200
-104200
‘1.4200
-1.4200
‘1.4200
-104200
-1.4200
‘1.#200
‘1.‘200
-1.4200
-1.4200
~1.4200
“104200
‘1.4200
~-144200

33-4

z
Ne7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.737n
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.,7370
0.,7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.6800
0.5800
0.480Nn
0.3800
0.,2800
0.1800
0.0800
~0.0200
‘0.1200
-0.2200
”0.3200
~0.4200
-0.5200
~046200
~0.7200



Cum,
ELEM
NO.

189
199
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
215
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235

ELEM SUR.
NO. NO.

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

O DN NP WN P

NN N NN NN N o P gt et pet =t it ot ok pd
~NOVIPUWUNEOOO~NOOVHWN™O
NN NNdNSN NN AN AN NN NN DN SN NN NN NN NDEDADPILEDPDIPEPPLAEESY

N
@

AREA
SQ.METERS

0.0093600
0.0100000
0.0100C00
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0093600
1.4700000
0.1590000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0052400
0.0086710
0.0086710
0.0086710
0.0086710
0.00856710
0.0086T10
0.0086710
0.0086710
0.00N86710
0.0086710
0.0086710
0.0086710
0.0086710

TABLE II

DIRECTION COSINES

I
1. 00000
1.00000
1.00000
1.00000
1. 00000
1.00000
1.00000
1.00000
1.00000
1,00000
1.00000
1. 00000
1. 00000
1.00000
1, 00000
1. 00000
1. 00000
0.90968
1.00000
0.10934%
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934%
0.10934
0.10934
0.10934
0.1C934
0.1093¢4
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934%
0.10934
0.10934
C.10934
0.10934
0.10934%
0.10534
0.1093¢%
0.10934
0.10934
0.10934

J

0.

0.

D.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

O.

0.

O.

Ne

0.

0.
-0.99400
-0+ 99400
-0099“00
-0.99400
-0.,99400
‘0.99400
-0.994900
-0.,99400
-0.99400
~0.99400
-0.,99400
-0, 99400
-0.99400
-0.9940n
-0.99400
-0.99400
-0,99400
-0,99400
-0.99400
-0099400
-0,99400
-0.99400
-N.99400
-0,99400
-0.99400
-0099400
—0.99400
-0.99400

0.

Ce.
0.
0.
0.

C.
0.
O.

0.
C.
0.
O.
0.
D.
’Oo
De.
O.
0.
0.
0.
0.
0.
0.
0.
De.

0.
0.
0.
0.
0.
Oe.
0.
0.

0.
O.
O.
0.
0.
0.
0.
0.
0.

41530

ELEM MIDPOINT IN METERS
IF SHADNWABLE
VEHICLE COORDINATE SYSTEM

X
6.4500
6.4500
6.4500
6.4500
6.4500
644500
644500
6.4500
644500
6.4500
6.4500
6.4500
6.4500
64500
6.4500
64500
6.4500

Te7478
T.7478
T.7478
TeT7478
T.7478
T.7478
Te7478
TeT7478
TeT478
To7478
TaT478
T.T7478
TeT7478
T.T478
Te7478
Te6545
T.6545
Te6545
T6545
T.6545
746545
T 6545
Teb6545
Te6545
T.6545
Te6545
T«6545
T.6545

Y
‘1.4200
-105069
~-1.5069
‘105069
'1.5069
—105069
‘105069
-105069
-1.5069
-1,5069
-105069
-1o5ﬂ69
—1.5“69
—1.5069
—105069
-105069
°105069

-O.ZQIO
~0.2910
—002910
-002910
-0.2910
-0.2910
’002910
-002910
-002910
~-0.2910
‘002910
‘002910
-0.2910
'0.2910
-0.2910
-0.3030
-0.3030
-0.3030
-0.3030
-0.3030
‘0.3030
-0.3030
-0.3030
-043030
-N.3030
~-0.,3030
-0.3N30
-0.3030

33-5

7
-0.8168
N.6800
N,5810
0.9800
0.2800
0.2800
Nf.1800
De.NnEen
-0.02nN
’OQZZOO
—ﬂ.32ﬂq
-N.4200
-0,520N
-0.6200
-0.7200
-008168

2.1400
2.0400
1.9400
1.8400
1.7400
1.6400
1.54N0
1.4400
l.3400
1.2400
1.1400
1.0400
0.9400
0.8401
0.764N
2.1400
2.0400
1.9400
1.84Nn0
1.74N0
1.6470
1.5400
1.4400
1.3400
1.240n0
1l.1400
1.0400
0.94NN



CuM,
ELEM
NO .,

236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
2%2
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
2172
273
274
275
276
217
218
279
280
281
282

ELEM SUR.
NO. NO.
29 7
30 7
31 7
32 7
33 7
34 7
35 7
36 7
37 7
38 7
39 7
40 7
41 7
42 1
43 7
44 7
1 8
1 9
1 10
1 11
1 12
1 13
1 14
1 15
1 16
1 17
1 18
1 19
1 20
2 20
3 20
4 20
5 20
6 20
7 20
8 20
9 20
10 20
11 20
12 20
13 20
14 20
15 20
16 20
17 20
18 20
19 20

AREA
SQ.METERS

0.0086710
0.0045400
0.0100524
0.0100524
0.0100524
0.0116608
0.0115603
0.0115603
0.0115603
0.,0115603
0.1115603
0.0115603
0.0115603
0.0115603
0.0115603
0.0108667
0.1170000
0.1110000
0.1110000
0.0584000
0.3105000
1.7400000
0.2540000
0.2540000
0.2853000
0.2853000
0.4500000
0.4500000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0067000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0044000
0.0100000
0.0100000
0.0100000

TABLE Il

DIRECTION COSINES

I
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934
0.1093¢4
0.10934
0.10934
0.1093¢
0.10934
0.10934
0.10934
0.10934
0.43000
1. 00000
0. 94963
1.00000
0.

‘Oo 1 8666

0.

0.
-0.30491
-0.30491

0.42536

0.42536

O.

0.

0.

0.

0.

0.

O.

o.

0.

0.

0.

0.

O.

0.

0.

0.

0.

O.

0.

J

-0. 99400
-0499400
-0.99400
-0.99400
-0.99400
-0.99400
-0,99400
-0.99400
-0.99400
-0.99400
-0.,99400
-0,99400
-0.99400
-0,99400
-0,99400
-0.99400

O.

0.

0.

0.

0.

C.

0.74296
-0.74296

0.,69743
-0.,69743

0.

0.

0.

0.

0.

0.

0. -

0.

0.

0.

0.

0.

0.

0.

0.

0.

O.

O.

0.

0.

0.

K
0.
0.
0.
0.
0.
0.
0.
0.
0
0.
0.
0.
0.
0.
0.
0.
0.90283
0.
0.31337
0.
1.00000
0.98242
0.66934
0.66934
0.64855
0.64855
0.90502
0.90502
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

ELEM MIOPOINT IN METERS

IF SHADOWABLE

VEHICLE COORDINATE SYSTEM

X
T.6545
T.6545
T.9630
7.9630
T«9630
T7.9630
7.8555
T7.8555
T.8555
T.8555
T.8555
T.8555
T.8555
T.8555
78555
7.8555

6.2800
6.2800
6.2800
6.2800
6.2800
6.2800
6.,2800
6.2800
6.1800
6.1800
6.1800
601800
6.1800
601800
6.1800
6.1800
6.0800
6.0800
6.0800

Y
-0.3030
-0.3030
'0. 2670
-0 02670
-0.26T70
-0.2670
-0.,2790
'0.2790
-0.2790
-00 2790
-0.2790
-O. 2790
-0.2790
-0 o 2790
-0.2790
—O¢27q0

1.1890
1.0890
0.9890
0.8890
0.7890
0.6890
0.5890
0.5055
1.1750
1.0750
0.9750
0.8750
0.7750
0.5750
0.5750
0.5030
1.1530
1.0530
0.9530

33-6

z
0.8400
0.764N
0.9450
1.0450
141450
1.2530
0.,7870
0.8870
0.9870
1.0870
1.1879
1,2870
1.3870
1.4870
1.5870
1,6840

1.7527
1.7527
1.7527
1.7527
1.7527
17527
1.7527
1.7527
1.7527
17527
1.7527
1.7527
1.7527
l.7527
1.7527
1.7527
1.7527
1.7527
1.7527




Cum,
ELEM
NO,

283
284
285
286
287
288
289
290
291
292
263
294
295
296
297
298
299
300
301
302
303
304
305
305
3C7
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329

ELEM SUR,
NO. NGO,
20 20
21 20
22 20
23 20
24 20
25 20
26 20
27 2¢
28 20
29 2¢
30 20
31 20
32 2C
33 20
34 20
35 2¢
36 2¢
37 20
38 20
39 20
40 20
41 2C
42 20
43 20
44 20
«5 20
46 20
47 20
48 2C
49 20
50 20
51 20
52 20
53 20
54 20
55 2C
56 20
57 2¢C
1 21
2 21
3 21
4 21
5 21
6 21
7 21
8 21
9 21

AREA
SQ.METERS

0.0100000
0.0100000
0.0100000
0.0112000
0.0100000
0.01C0000
0.0100000
0.0100000
0.0100000
0.0100000
0.0072000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0121000
0.0100000
0.0100C00
0.0100000
0.0100000
0.0100000
0.0052900
0.0100000
0.01C0C00
0.010¢N000
0.0100000
0.0095000
0.0100000
0.0100000
0.0100000
0. 0097000
0.0100000
0.0100000
0.0102000
0.0100000
0.0083000
0.0013900
0.0100000
0.0100C00
0,0100000
0.0100000
0.0100000
0.0100000
0.01C0000
0.,0067000
0.0100000

TABLE 11

DIRECTION COSINES

K
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.90000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.000C0
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

ELEM MIDPOINT IN METERS

I SHADOWABLE

VEHICLE COORDINATE SYSTEM

X
6.0800
6,0800
6.0800
6.0800
5.9800
5.,9800
5.9800
59800
5.9820
5.9800
5.9800
5.8800
5.8800
5.8800
5.8800
5.8800
5.8800
5.7800
S.7800
5.7800
5.7800
5.7800
$.7800
5.6800
5.6800
5.6800
56800
5.6800
5.5800
5.5800
5.5800
5.5800
5.4800
5.4800
5.4800
53800
5S«.3800
543142
6.2800
6.2800
6.2800
6.2800
6.2800
6.2800
6.2800
6.2800
6.1800

Y
0.8530
0.7530
0.6530
0.5470
1.1220
1.0229
0.9220
2.,822nN
0.7222
0.622C
0.5360
1.0810
0.9810
0.8819
0.7810
0.6810
0.5710
1.029n
0.9230
0.8290
D.7290
0.6290
D.5590
09650
0.89650
0.7650
De.6650
0.5680
0.8860
0.7860
D.6860
0.5880
0.8000
0.7000
0.5990
N.6910
06000
0.5860

-1.1890
-1.0890
~-0.9890
-0.8890
‘0.7890
-0.6890
_00 5890
-0.5"‘55
-1.175nN

33-7

4
1.7527
1.7527
1,7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1,7527
1.7527
1.7527
1.7527
1.7527
1.7527
17527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1,7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
17527
1.7527
1.7527
17527
1.7527
1.7527
1.7527
1.,7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527



CumM,
ELEM
NO,

330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
3438
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371

372
373

374
375

376

ELEM SUR.
NO. NO.
10 21
11 21
12 21
13 21
14 21
15 21
16 21
17 21
18 21
19 21
20 21
21 21
22 21
23 21
24 21
25 21
26 21
27 21
28 21
29 21
30 21
31 21
32 21
33 21
34 21
35 21
36 21
37 21
38 21
39 21
40 21
41 21
42 21
43 21
44 21
45 21
46 21
47 21
48 21
49 21
50 21
51 21
52 21
53 21
54 21
55 21
56 21

AREA
SQ.METERS

0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0044000
0.0100000
0.0100000
7.0100000
0.0100000
0.0100000
0.0100000
0.0112000
0.0100000
0.0100CC0
0,0100000
0.0100000
0.0100000
€.0100000
0.0072000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0121000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0052900
0.0100000
0.0100000
0.0100000
0.0100000
0.0095000
0.0100000
0.0100000
0.0100000
0.0097000
0.0100000
0.0100000
0.0102000
0.0100000
0.0083000

0.

0.
0.
0.
0.
0.
0.
0.
C.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
o.
0.
0.
0.
O.
0.

TABLE I1

DIRECTION COSINES

0.
0.
O
O.
0.
0.
0.

0.
0.
O.
0.
0.
0.
0.
0.
0.
O.
O.
N.
O.
0.
O.
O.
0.
0.
0.
0.
0.

0.
0.
D.
0.
0.
0.
0.
0.

0.
O.
0.
0.
0.

0.
O.

K
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

ELEM MIDPOINT IN METERS

IF SHADOWABLE

VEHICLE COORDINATE SYSTEM

X
6.1800
6.1800
6.1800
6.1800
6.1800
6.1800
6.1800
6.0800
6.0800
6.0800
6.N800
6.0800
6.0800
6.0800
59800
5.9800
5.9800
5.9800
5.9800
5.9800
5.9800
S.8800
5.8800
5.8800
5.8800
5.8800
5.8800
5.7800
5.7800
S.7800
5.7800
5.7800
5.7800
5.6800
56800
5.6800
5.6800
5.6800
5.5800
55800
5.,5800
5.5800
5.4800
5.4800
5.4800
5.3800
5.3800

Y
-1.0750
-0.9750
-0.8750
“‘0.7750
-0.6750
"0.5750
"O. 5030
-1.1530
~-1.0530
~0,9530
~0.8530
~0.7530
-006530
"0.5470
“101220
~-1.,0220
“0.9220
~-0.8220
“‘007220
"0.6220
~0.5360
-1 00810
~0.9810
-0.,8810
"0.7810
-0.6810
""09 5710
~1.0290
"009290
~0.8290
"007290
“006290
-0 5590
~0.9650
-0.8650
‘007650
~0.6650
-0.5680
~0.8860
~-0.,7860
-0,.,6860
-0.5880
~0.8NNQ0
~0.70ND
~0.5990
—O.t‘)QIO
~0.6000

5370

z

1.7527
1.7527
1.7527
1.,7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.,7527
1.,7527
1.7527
1.7527
1.7527
1.7527

1.7527

1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1,7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
l.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527
1.7527




Cum,
ELEM
NO.

377
378
31719
380
381
382
383
384
385
386
387
388
389
390
391
392
363
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423

ELEM SUR,
NO. NOC.
57 21
1 22
2 22
3 22
4 22
5 22
6 22
T 22
8 22
9 22
10 22
11 22
12 22
13 22
14 22
15 22
16 22
17 22
18 22
19 22
20 22
21 22
22 22
23 22
24 22
25 22
26 22
27 22
28 22
29 22
30 22
31 22
32 22
33 22
34 22
35 22
36 22
37 22
38 22
39 22
40 22
41 22
42 22
43 22
44 22
45 22
46 22

AREA
SQ.METERS

0.0013900
0.0100000
0.0125400
0.01C0000
0.01€0000
0.01C0000
0.0067410
0.0100000
0.0100000
0.0100000
0. 0100000
0.0067590
0.0100000
N.0100000
0.0100000
0.0100000
0.0149110
0.0100000
0.0100000
0.01C0000
0.0100000
0.0100000
0.0118020
0.0100000
0.0100000
0.0100000
0.0100000
0.N1100000
0.0100000
0.0070820
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0. 0100000
0.0138130
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.01C00000
0.0100000
0.0094440
0.0100000
0.0100000

TABLE II

DIRECTION COSINES

0.
0.
0.

0.
0.
0.
O.
0.
0.
0.
0.
Oe
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
Ne
0.

O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

K
1.000C0
1.00000
1,00000
1.00000
1.00000
1,00000
1.00000
1.00000
1.00060
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1,00000
1.00000
1.00000
1.00000

ELEM MIDPOINT IN METERS

IF SHADOWABLE

VEHICLE COORDINATE SYSTEM

X
5.3142
6.4016
6.4016
6.3016
6.,3016
6.3016
6.3016
6.,2016
6.2016
52016
6.2016
6.2016
6.1016
6.1016
6.1016
6.1016
6.1016
6.1016
6.1016
6.1016
6.1016
6.1016
6.0016
59016
5.3016
5,9016
5.9016
5.9016
5.9016
5.9016
5.8016
5.8016
5.8016
5.8016
5.8016
548016
58016
5.7016
5.7016
5.7016
57016
5.7016
5.7016
57016
5.7016
5.6016
5.6016

Y
-0.5860
1.4200
1.3073
1.5580
1.4580
1.3580
1,2743
1.6460
1.5460
1.4460
1.3460
1.2622
1,7070
1.6070
1.507H
1.4070
1.2824
1.7470C
1.6470
1.5470
1.4479
1.3470
1.2380
1.7710
1.6710
1.5710
1.4710
1.3710
1.2710
1.1856
1.7790
1.6790
1.5790
1.4790
1.3790
1.2790
1.1599
1.7740
l.6740C
1.5749
1.4740
1.3740
1.2740
1.1740
1.0768
1.7530
1.6530

33-9

z
1.7527
0.7370
0.7370
N0.7370
0.7370
0.7370
0.7370
0.7270
0.7370
0.7370
N.7370
N.7370
0.73270
0.7370
0.7370
0.,7379
0.,7370
0.7270
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
N.7370
0.7270
N.7370
0.7370
0.7370
NeT370
0.737N
N, 7370
0.,7370
00,7370
0.7370
0.7379
0.7270
2.7370
0.7370
N.7370
0.7370
0.,7370
0.7370
0.7370
0.737Nn
N.7370
0.7370



CumM,
ELEM
NO.

424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470

ELEM SUR.
NO. NO.
47 22
48 22
49 22
50 22
51 22
52 22
53 22
54 22
55 22
56 22
ST 22
58 22
56 22
60 22
61 22
62 22
63 22
64 22
65 22
66 22
67 22
68 22
69 22
70 22
71 22
72 22
13 22
T4 22
15 22
T6 22
77 22
78 22
79 22
80 22
81 22
82 22
83 22
84 22
85 22
86 22
87 22
88 22
89 22
90 22
91 22
92 22
93 22

AREA
SQ.METERS

0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0049070
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.01C6770
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.01C0000
0.0068710
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.01C0000
0.0100000
0.0146050
0.0100000
0.01€C0000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0050000
0.0078300
0.0078300
0.0078300

0.
0.
O.
O.
O.
0.
0.

0.
0.
o.
o.
0.
0.
0.
O.

0.
0.
0.
0.
0.

O.
O.
O.
0.
0.
o.
0.
0.

O.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

TABLE 11

DIRECTION COSINES

0.
0.
0.

0.
0.
0.
0.

0.
0.

0.
0.

0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
O.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
O.
0.
0.
0.

K
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00C00
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

ELEM MIDPOINT IN METERS

IF SHADOWABLE

VEHICLE COORDINATE SYSTEM

X
5.,6016
5.6016
5.6016
5.6016
5.6016
5.6016
5.6016
5.5016
5.5016
5.5016
5.5016
55016
55016
5.5016
55016
5.5016
5.4016
S«4016
5.4016
S.4016
5.4016
5.4016
5.4016
5.4016
5.4016
Se4016
543016
5.3016
5.3016
5.3016
5.3016
5.3016
5.3016
53016
5.3016
5.3016
5.2016
5.2016
5.2016
5.2016
5.2016
5.2016
5.2016
5.2016
5.1233
51233
501233

Y

1.5530
1.4530
1.3530
1.2530
1.1530
1.0530
0.9785
1.7170
1.6170
1.5170
1.4170
1.3170
1.2170
1.1170
1.0170
0.9136
1.6610
1.5610
1.4610
1.3610
1.2610
1.1€610
1.0610
0.9610
0.8610
C.T766
1.5580
1.4800
1.3800
1.2800
1.1800
1.0800
0.9800
0.8800
0.7800
0.6570
1.4560
1.3560
1.2560
1.1560
1.0560
0.9560
0.8560
0.7810
1.2860
1.1860
1.0860

33-10

z
0.,7370
0.7370
0.7370
0.7370
0.7370
0.,7370
0.7370
0.7370
0.7270
0.7370
0.7370
0.7370
0.737N0
0.7370
0.7370
0.7370
0.7370
N.7370
NeT7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.,7370
0., 7370
N,7370
0.7370
0.7370
07370
0.7370
0.7370
0.7370
0.7270
0.7370
D7370
0.7370
0.7370
N0.,7370
0.7370
0.7370
00,7370
N,7370
0.7370
0.7370
0.7370




CuM,
ELEM
NO.

471
472
473
474
475
476
417
478
479

480

481
482
483
484
485
486
487

488

489
490
491
492
493
494
495
495
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517

ELEM SUR,
NO. NO.
94 22
1 23
2 23
3 23
4 23
5 23
6 23
T 23
8 23
9 23
10 23
11 23
12 23
13 23
14 23
15 23
16 23
17 23
18 23
19 23
20 23
21 23
22 23
23 23
24 23
25 23
26 23
2T 23
28 23
29 23
30 23
31 23
32 23
33 23
34 23
35 23
36 23
371 23
38 23
39 23
40 23
41 23
42 22
43 23
44 23
45 23
46 23

AREA
SQ.METERS

0.0086130
0.0100000
0.0100000
0.0100000
0.0109000
0.0100000
0.01C€0000
0.0100000
0.7100000
0.0100000
0.0100000
0.0100000
0.0100C00
0.0100000
0.0089000
0.0100000
0.0100000
0.0100000
0. 0100000
0.0100000
0,0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0030000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
N.010C000
0.0050000
0.0050000
0.0029000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000

0.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.

0.
0.
0.
0.
O.
0.
0.
0.
0.
0.
Oe
0.
0.
0.
0.

0.
0.
0.
0.
O.
0.
0.

0.
0.
O.
0.
0.
O.
0.
O.
0.

TABLE I1

DIRECTION COSINES

K
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

ELEM MIDPOINY IN METERS
IF SHADOWASBLE
VEHICLE COORDINATE SYSTVEM

X
5.1233
6+4500
6.4500
6.4500
644500
6.3500
6.3500
6.3500
6.3500
643500
6.3500
63500
6.3500
6.3500
63500
6.2500
6.2500
6.2500
6.2500
6.2500
6.2500
6.2500
6.2500
6.2500
642500
6.2500
6.1500
61500
6.1500
6.1500
6.1500
6.1500
6.1500
6.1500
6.1500
6.1500
6.1500
6.1500
6.0500
60500
6.0570
6.0500
6.0500
6.050C
6.0500
6.0500
6.050C

Y

0.9810
-1.6510
-1.7510
‘108510
‘1.9600
‘1.2935
‘1.3935
'1.4935
“1.5935
_106935
-1.8935
‘109935
-200935
-2.1880
-1.2854%
-103854
~1.485¢4
-105854
-1.6854
-1.7854
‘108854
-1.9854
‘200854
‘201854
-2.2504
’102690
-103690
-104690
-15690
-106690
—107690
-1.8690
—109690
-2.0690
-2.1440
-2.1940
‘2.2340
-102441
-103441
'104441
-1le5441
‘1 .644‘1
_1.7441
-108441
-109441
-2.0441

33-il

4
0.7370
0.7370
00,7370
N.7370
0.7370
0.7279
0.7370
0.7370
0.7370
0.7370
0.7370
Ne 7370
N.7370
0.7370
0.7370
0.7370
N0.7370
0.7370
0.7370
N,7370
0.7370
0.7370
0.7370
0.7370
0.7370
N.7370
0.7370
N.7370
0.7370
0.7370
0.7370
0.7379
0.7370
D.7370
0.7370
0.7370
0.73270
0.7370
N, 7370
0.7370
0.7372
N,T370
0.7370
0.7370
0.7370
0.7370
0.7370



CUM,
ELEM
NO.

518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564

ELEM SUR,
NO. NO.
47 23
48 23
49 23
50 23
51 23
52 23
53 23
54 23
55 23
56 23
57 23
58 23
59 23
60 23
61 23
62 23
63 23
64 23
65 23
66 23
67 23
68 23
69 23
70 23
71 23
72 23
73 23
74 23
75 23
76 23
77 23
78 23
79 23
80 23
81 23
g2 23
83 23
84 23
85 23
86 23
871 23
88 23
89 23
90 23
91 23
92 23
93 23

AREA
SQ.METERS

0.0050000
0.0050000
0.0050000
0.0028900
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0050000
0.0050000
0.0050000
0.0050000
0.0050000
0.0213000
0.01C0000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0050000
0.0050000
0,0050000
0.0050000
0.0050000
0.0050000
0.0157000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.01C0000
0.0050000
0.0050000
0.,0050000
0.0050000
0.0050000
0.0162000
0.01C0000
0.0100000

0.
0.
0.
0.

0.
O.
0.
0.
0.
0.
0.
0.

O.
0.
0.
0.
0.
0.
0.
0.
o.
0.
0.
0.
0.
O.
0.

0.
O.
0.
0.
0.
0.
0.
0.
o.

0.
o.

0.
0.
0.
0.

TABLE 11

DIRECTION COSINES

K
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

ELEM MIDPOINT IN METERS

IF SHADOWABLE

VEHICLE COORDINATE SYSTEM

X
6.0500
6.0500
6.,0500
6.0500
5.9500
5.9500
5.9500
549500
5.9500
5.9500
59500
5.9500
5.9500
5.9500
5.9500
59500
5.9500
5.8500
58500
58500
5.8500
5.8500
58500
5.8500
5.8500
5.8500
5.8500
5.8500
5.8500
5.8500
5.8500
5.7500
57500
5.7500
S.7500
5.7500
5.7500
5.7500
57500
5.7500
57500
5.7500
5.7500
5.7500
5.7500
5.6500
56500

Y
-20 1191
‘201691
-2.2191
‘202585
—1.2100
"'1 03100
-1 04100
-1.5100
‘106100
-1.7100
-1.7850
-108350
-1.8850
"1 09350
-1.9850
-2.0350
"2'1665
-1.1660
-102660
-103660
-1.4660
"1.5660
-1.6660
-107660
-1.8410
‘1.8910
'1-9"10
-2.0410
‘2.0910
-2¢1940
“1.1110
-1.2110
-1.3110
-1.4110
-1.5110
‘1 06110
-1.7110
-1.8110
-1.8860
-109360
“1 09860
-2.0360
-2.0860
"’2'1920
"1 00420
-1.1420

N

35-L

4
0.7370
0.7370
0.7370
0.7370
0.7370
0.737N0
0.7370
0.7370
D.7370
D.7370
D,7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.73710
0.7370
0.7370
0.7370
0.7370
00,7370
0.7370
0.7370
ND.7370
0.73270
0.7270
0.7370
0.7370
0.7370
N.T370
0.7370
0,7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0,7370
0.7370



Cum,
ELEM
NO.

565
566
567
568
569
570
571
572
573
574
5715
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
6C7
608
609
610
611

ELEM SUR,
NO. NO.
94 23
95 23
96 23
97 232
S8 23
99 23
100 23
101 232
102 23
103 23
104 23
105 23
106 23
107 23
108 23
109 23
110 23
111 23
112 23
113 23
114 23
115 23
116 23
117 23
118 23
119 23
120 23
121 23
122 23
123 23
124 23
125 23
126 23
127 23
128 23
129 23
130 23
131 23
132 23
123 23
134 23
135 23
136 23
137 23
138 23
139 23
140 23

AREA
SQ.METERS

0.0100000
0.0100000
0.01C0000
0.0100C00
0.0100000
0.N1100000
0.0100000
0.0050000
0.0050000
0.0050C00
0.0050000
0.0050000
0.0131000
C.0100000
N.01C0000
0.0100000
0.01C0000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
€. 0100000
0.0050000
0.0050000
C.0050000
0.0050000
0.0050000
0.0116000
0.0100000
0.01C0000
0.0100000
0.0100000
0.0100000
0. 0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0050C00
0.00500GC0
0.0050000
0.0050000
0.0050000
0.0220000
0.,0100000
0.0100000

0.
O.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.

0.
0.
O.
0.
0.
0.
0.
0.
0.
O.
0.
0.
o.
0.
0.

0.
O.
0.
0.
0.
0.
0.
0.
0.
o.

0.
0.
0.
0.
0.
0.

TABLE 11

DIRECTION COSINES

K
1.00000
1.00000
1.00000
1.00000
1.00000
1.70000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1. 00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

ELEM MIDPOINTY IN METERS

IF SHADOWABLE

VEHICLE COORDINATE SYSTEM

X
5.6500
5.6500
5.6500
556500
5.6500
56500
5.650N
5.6500
5.6500
5.6500
5.6500
5.6500
5.6500
55500
5.5500
5.5500
55500
5.5500
55500
5.5500
55500
55500
55500
5.5500
55500
5.5500
545500
5.5500
55500
5.4500
5.4500
54500
5.4500
54500
5.4500
544500
544500
5.4500
54500
544500
5.4500
5.4500
544500
5.4500
5.4500
543500
5.3500

Y
-1.2420
-1 03‘020
-1.4420
-1.5420
'106‘020
’1 .7420
"108420
-1.9170
"1.9670
'2 .0170
-2.0670
‘201‘.70
"2.1980
-0,9580
-1 00580
"1.1580
'1.2580
-1.3580
-1-4580
-1.5580
_1.6580
'107580
-1.8580
-1.9330
-1.9830
"'2 00330
-2.0830
-21330
-2.2160
-008530
-0.9530
-1.0530
-1.1530
-1 02530
—103530
-1.4530
-15530
-1.6530
-1.7530
-1.8280
-1.8780
-1.9280
"1.9780
~-2.0280
"20 163O
-0.7170
-0.8170

33-13

z
0.7370
0.7370
0.7370
0.7370
0.7T370
0.7370
0.7370
0.7370
N.7370
2.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7379
0.7370
0.7370
0,7370
0.7370
0.7370
N.7370
0.7370
0.737Nn
0.7370
0.7370
0.7370
0.7370
0.7370
N.7370
0.7370
0.,7370
0.7370
N.7370
0.,7370
0.7370
0.7370
0.7370
0.7370
N.7370
0.7370
N,7370
0.7370
N0.7370
0.7370
0,7370
N.7379



Cum,
ELEM
NG.

612
613
614
615
616
617
618
6139
620
621
622
623
624
625
626
627
€28
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
€51
652
653
654
655
656
657
6513

ELEM SUR.
NO. NO.
141 23
142 23
143 23
144 23
145 23
146 23
147 23
l48 23
149 23
150 23
151 23
152 23
153 23
154 23
155 23
156 23
157 23
158 23
159 23
160 23
l61 23
162 23
163 23
164 23
165 23
166 23
167 23
168 23
169 23
170 23
171 23
172 23

1 24
1 25
1 26
1 27
1 28
1 29
1 30
2 30
3 30
4 30
5 30
6 30
7 30
8 3¢
9 30

AREA
SQ.METERS

0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0050Q00
*0.0050000
0.0050000
0.0050000
0.0203000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0116000
0.0094500
0.0094500
0.0094500
0.0094500
0.0094500
0.0107700
0.(C955000
0.0555000
O.

0.

0.5000000
0.5000000
0.0100000
0.0100000
0. 0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.,0100000

TABLE 11

OIRECTION COSINES

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
o.
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.
O.
0.
0.
0.
0.
0.
0.
0.70721
0.70721
0.10934
0.10934
O.
0.
0.
0.
0.
o.
0.
0.
0.

0.86603
-0.86603

0.

0.

0.99400
‘0.99400
-1.00000
~1.00000
-1.00000
-1.00000
-1.00000
~-1.00000
-1.00000
~1.00000
-1.00000

K
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
0.50000
0.50000
0.70700
0+70700
0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

ELEM MIOPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
5.3500
5.3500
5.3500
5.3500
5.3500
53500
543500
5.3500
53500
5.3500
5.3500
5.3500
5.3500
5.3500
53500
5.2500
5.2500
5.2500
5.2500
5.2500
5.2500
542500
542500
5.2500
5.2500
52500
5.1555
5.1555
5.1555
5.1555
5.1555
5.1555
7.8000
7.8000

T.4810
7.4810
7.4810
7.4810
7.4810
7.4810
T7.4810
T.4810
7.4810

Y
‘0.9170
’100170
~-1.,1170
-1.2170
-103170
’1.4170
-1.5170
-1.6170
“1.7170
-108170
-1.8920
‘1.9420
‘1.9920
‘2.0420
-2.1680
‘101860
‘1-2860
-103860
~-1.4860
-1.6860
-1.7860
-1.8860
~1.9860
-2.0860
‘201940
-1.5360
‘1.6360
“107360
-1.8360
~1.9360
-2.,0430

0.3480
-N,.3480

‘103720
-143720
‘1.3720
-103720
“1.3720
‘103720
‘103720
-1.3720
‘1.3720

33-1k

z
0.7370
0.,7370
0.7370
0.7370
0.7370
0.7370
00,7370
N.7270
0.7370
0.7370
0.7370
0.7370
0.7370
N.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
0.7370
N,7370
0.7370
0.7370
0.7370
0.7379
0.7370
N,737n
0.7370
0.7370
0.8260
N0.8260

0.6870
N0.5870
N,4870
0.3870
0,2870
ND.1870
0.0870
-000130
-0.1130




CUM. ELEM SUR,

- ELEM
NO.

659
660
661
€62
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
673
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
T03
704
705

NO.

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

NO.

3cC
30
30
3C
30
30
30
30
30
30
3G
30
30
30
30
3C
30
30
30
30
30
30
30
30
30
3C
30
30
30
30
30
30
30
3C
3C
30
30
30
30
30
30
30
30
30
30
3aC
30

AREA
SQ.METERS

0.0100000
0.0100000
0. 0100000
0.0100000
0,0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0,0100000
0.7100000
0.0100000
0.0100000
0.01C000C0
0. 0100000
0,0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.01000C0
N.0100000
C.0100000
0.0100000
0.0100000
0.01000C0
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0. 0100000
0.0100000
%.0100000

TABLE 1!

J
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
‘1 000000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.,00000
-1.00000
-1.,00000
-1.00000
-1.00000
-1.00000
-1.,00000
-1.00000
-1.,00000
-1.00000
-1.00000
-1 000000
-1.00000
-1.00000
-1.00000
-1.00000
-1.,00000
-1.00000
-1.00000
-1.00000
~-1.,00000
-1.00000
-1.00000
-1.,00000
-1.00000
-1.,00000
-1.00000
-1 -00000
-1.00000
-1.00000

DIRECTION COSINES

ELEM MIDPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
T.4810
T.4810
T.4810
7.4810
T.4810
T.4810
T.4810
7.3810
7.3810
7.3810
7.3810
7.3810
7.3810
T.3810
T«3810
7.3810
T.3810
7.3810
T.381N"
T«3810
7.3810
7.3810
T.3810
T.2810
7.2810
T.2810
7.2810
7.2810
T.2810
T.2810
T.2810
7.2810
T.2810
T.2810
T.2810
T.2810
T.2810
T.2810
7.2810
7.1810
T.1810
7.1810
7T.1810

7.1810

T.1810
T.1810
T.1810

Y
-1.3720
-103720
-103720
-1.3720
-1.3720
—103720
-1437290
‘103720
‘103720
-1.3720
-1.3720
-103720
-10 3720
-1.3720
-1.3720
‘1.3720
_103720
-1.3720
"1.3720
-1.3729
-1.3720
~-1.3720
-1.3720
-1.3720
-1.3720
-1.3720
-1.3720
-1. 3720
-103720
-1.3720
-1.3720
-1.3720
-103720
-1.3720
-1.3720
-1.3720
-1.3720
-1.3720
-1.3720
-103720
-1.3720
-1.3720
-1.3720
-1.3720
-103720
-1.3720

33-15

4
-0.2130
-N,3130
'004130
~0.5130
-0.6130
-0.7130
-N,813N

0.6870
0.5870
0.4870
C.3870
0.2870
N.1870
0.0870
-0.,0130
—001130
-002130
-0.3130
-N,4130
"005130
‘0.6130
-0,7130
-0.8130
N.6870
0.5870
0.4870
0.3870
01,2879
0.1870
0.7870
-000130
-0.1130
-0.2130
~-N.3130
-0.4130
-N.5130
-0.6130
-0.8130
Q.6R70
N.S5RTN
0.4870
0.3870
0.2870
0.1870
0.C87N
-0,0130



CuM,
ELEM
NO .

706
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
T44
745
746
747
748
749
750
751
752

ELEM SUR,
NO. NO.
57 30
58 3C
59 30
60 30
61 30
62 30
63 3C
64 30
65 30
66 30
67 130
68 3C
69 30
T0 30
71 30
72 30
73 30
T4 30
75 30
76 30
77 30
78 30
79 30
80 30
81 30
82 30
83 130
84 30
85 30
86 130
87 3C
88 30
89 130
90 30
91 30
92 30
93 30
94 30
35 30
96 30
97 30
98 30
99 30
100 30
101 30
102 30
103 30

AREA
SQ.METERS

0.0100000
0,0100000
€. 0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.9100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
C.0100000
0.0100000
0.0100000
0.0100000

0.
0.
0.
0.
O.
0.

0.
0.
0.
0.
0.
o.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.
0.
0.
0.
0.

O.
O.
0.
0.
0.
O.
0.
0.
0.
O.
0.

TABLE I1I

J
-1.00000
~-1.00000
-1.00000
-1.00000
-1.00000
-1,00000
-1.00000
-1.00000
-1.00000
-1,00000
-1.,00000
-1.00000
-1.00000
-1.00000
~1.,00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
~-1.00000
-1.00000
-1.00000
-1.00090
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000

DIRECTION COSINES

0.
0.
O.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.
0.
0.
0.
Oe.
0.
C.
0.
0.
O.

0.
0.
0.
0.
0.
0.

O.
0.
0.
0.
O.
0.

ELEM MIDPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
7T.1810
7.1810
7.1810
7.1810
7.1810
7.1810
T.1810
7.1810
7.0810
7.0810
7.0810
7.0810
7.0810
7.0810
7.0810
7.0810
7.0810
7.0810
7.0810
7T.0810
7.0810
7.0810
7.0810
7.0810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.8810
6.8810
6.8810
6.8810
6.8810
6.8810
6.8810

Y

-1.3720

-1.3726

-103720

-1.3720

-1.3720

-1.3720

'1.3720
‘1.3720

‘103720

_103720
-1.3720

-1.3720
-1.3720

‘103720

-1.3720
‘1.3720
-1.3720
-1.3720
‘103720
-1.,3720
-103720
-1.3720
*103720
‘1.3720
‘1.3720
-1.3720
—103720
-1.3720
’103720
-1.3720
-1.,3720
‘103720
-1.3720
-1.3720
-1.3720
-1.3720
‘1.3720
-1.3720
—103720
~1.3720
-1.3720
-1.3720
”103720
‘1.3720
~-1.3720
'1-3720
—103720

33-16

z
-0.1139
-0.2130
-N0.3130
-0.4130
-0.,5130
-0.6130
-0,7130
-0.8130

N.6870
N.5870
0.4870
N.3870
0.2870
0.1870
0.0870
-0.0130
-0.11320
-0.213N0
-0.3130
-0.4130
~0.5130
046130
-0.7130
-0.8130
D.6870
0.5870
0.4870
0.3870
0.2870
0.1870
00,0870
‘n.0130
-0.1130
-0,2130
-Ne3120
‘0:4130
‘0.5130
-0.6130
-0.7130
-0.81320
ND.6870
N.58TN
0.4870
0.3R70
0.2870
0.1870
N.0870



Cum,
EL EM
NO.

153
754
155
156
157
753
759
760
161
7162
763
T64
165
766
767
768
7169
170
771
172
773
174
175
T76
177
778
779
780
781
782
783
T84
785
786
787
788
789
790
791
792
793
194
795
796
797
798
799

ELEM SUR,
NO. NOG.
104 30
108 3¢
196 30
107 3¢
108 30
109 30
110 3¢
111 30
112 30
113 3¢
114 3¢
115 30
116 3C
117 30
118 139
119 3¢
120 3C
121 30
122 3C
123 3¢
124 30
125 30
126 130
127 30
128 30
129 3¢
130 3¢
131 30
132 3C
133 1390
134 30
125 3¢
136 30
137 3¢
138 3¢
139 30
140 30
141 30
142 30
143 30
l44 30
145 3¢C
146 30
147 3C
148 30
149 30C
150 30

AREA
SQ.METERS

0.0100000
0.0100000
0. 0100000
0.0100000
0.0100000
0.0100000
0.,0100000
0.0100000
0,0100000
0.0100000
0.0100000
0.0100000
0.901C0000
0.0100000
0.0100000
0.0100000
0.0100000
C. 0100000
0.0100000
0.0100000
0.0100000
0. 0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0,0100000
0.,0100000
0.0100000
0.0100000
0.0100000
0.0100000
€.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
€. 0100000
0.0100000
0.0100000
0.0100000

TABLE I!

J
-1.00009
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1,00000
‘1.00000
-1.,00000
-1,00000
-1.00000
-1.,00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
‘1000000
-1.00000
-1.00000
-1.00000
-1.00000
~-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1. 00000
-1.00000
-1,00000
-1.00000
-1.00000
-1.00000
‘1000000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000

DIRECTION COSINES

0.
O.
C.
O.
0.
O.
Oe.
O.
0.
0.

0.
Ce
0.
0.
C.
0.
0.
0.
0.
0.
Oe
0.

C.
0.

0.
Oe
0.
0.
D.
0.
O.
O.
O.
O.
0.
0.

0.
O.
Oe
0.
0.
0.
0.

ELEM MIDPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
6.8810
6.8810
6.8810
6.8810
6.8810
6.8810
6.8810
6.8810
6.8810
6.7810
6.7810
6.7810
6.,7810
6.7810
6.7810
6.7810
6.,7810
6.7810
6.7810
6.7810
6.7810
6.7810
6.7810
6.7810
6.7810
6.6810
6.,6810
6.6810
6.6810
6.6810
6.6810
6.6810
6.6810
6.6810
6.6810
6.6810
6.6810
6.6810
6.6810
6.6810
6.5810
6.5810
6.5810
6.5810
6.5810
6.5810

Y
-1,3720
-103720
‘103720
-1.3720
-1.3720
-1.3720
'1.3720
-1.3720
‘1.3720
‘103720
-1.3720
‘1.3720
-1.3720
-1.3729
-1.3720
'1.3720
-1.3720
-1.3720
-143720
-1.3720
_1.3720
-1.3720
’103720
‘103720
‘103720
“1.3720
-1.3720
-1.372n
-1.3720
-1.3720
‘1.3720
‘103720
-1.3720
-1,3720
~-1.3720
‘1.3720
-1.3720
-1.3720
-1.3720
—103720
'1.3720
-1.3720
-1.3720
-1.3720
-103720
‘1.3720

33-L7

z
-0.,0130
-001130
‘0.2130
‘0.313@
-0,4130
-0.5120
-0.6120
-0.7130
-0.8130

N.3870
D.,587"°
0.4879
0.3870
N.2870
0.1870
0.,0870
-0.0130
-001130
-0.,2130
‘0.3130
-0.4130
-0.,5130
-0.€130
-007130
“0.8130
0.6870
N.5870
0.4870
D.3870
ND.2870
0.1870
0.0870
~-0.0129
-0.1130
-0.,2120
-0.,3130
‘0.4130
~-0.5130
=0.613N0
‘007130
-0,8130
D.6870
0.587Q
0.4870
0.3870
0.2870
0.1870



Cum,
ELEM
NO.

800
801
802
803
804
805
805
807
808
809
8190
811
812
813
814
815
816
817
18
819
820
821
822
823
824
825
825
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
- 842
843
844

845

846

ELEM
NO.

151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

O @~V PN

10

12
13
14
15
16
17
18
19
20
21

SUR,
NO.

3C
ac
e
30
30
30
30
30
30
30
3c
30
3C
Exe
30
30
3C
3C
3¢
30
30
30
3C
30
3C
30
31
31
31
31
31
31
31
31
31
31
31
31

31

31

31

31

31

31

31

31

31

AREA
SQ.METERS

0.01 00000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.N100000
0.0100000
0.0100000
0.N093000
0.0093000
0.£C93000
0.0093000
0.0093000
0. 0093000
0.0093000
0.0093000
0.0093000
0.0093000
0.0093000
0.0C093000
0.0093000
0.0092000
0.0093000
C. 0093000
0.0140700
0.0015500
0.0140700
0.014C700
0.01857T00
0.0140700
0.0140700
0.0140700
0.0140700
0.0140700
0.0078800
0.0140760
0.0140700
0.,0140700
0.0140700
0.014070C0
0.0140700
0.0140700
0.0111100
0.0035200
0.0035200

TABLE I1I

OIRECTION COSINES

I
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.
0.
0.
0.
0.
o.
0.
0.
0.
0.
0.
0.
0.
0.
0.
N. 72084
0.72084
0.72084%
0.72084
0.72084
0. 72084
0.72084
0.72084
0.72084
0.72084
0.72084
0.72084
0.72084
0.72084
0.7208¢4%
0.72084
0.72084
0.72084
0.72084
0. 72084
0.72084

J
-1.,00000
‘1.00000
-1.00000
-1.00000
-1.00010
-1.00000
-1,00000
~1.00000
-1.00000
-1.,00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.,00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.,00000
-0.69310
-0.69310
‘0069310
-0.69310
-0.69310
-0.69310
-0,69310
‘0.69310
’0.69310
‘0069310
-0.69310
‘0069310
-N.69310
-0.69310
-0.69310
-0.69310
-0.,69310
-0.69310
'0.69310
-0.69310
-0069310

ELEM MIDPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
6.5810
6.5810
6.5810
6.5810
6.5810
6.,5810
6.5810
6.5810
6.5810
6.5810
644850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
T.4690
T.4690
743690
T.3690
7.3690
T.2690
T.2690
T7.2690
T.2690
T.2690
T.2690
T.1690
T.1690
7.1690
7.1690
7.1690
7.1690
761690
7T.1690
7.1060
7.1060

Y
-103720
-1.3720
-1.3720
‘1.3720
‘1.3720
‘103720
-103720
"1.372n
-1.3720
-1.3720
-103720
-143720
-1.3720
-1.3720
-103720
-103720
-1.3720
-103720
-1.3720
-103720
-103720
-1.3720
-1.3720
-103720
-1.3720
’103720
-0.5636
‘0.5636
~-0.6626
-0.6626
‘0 [} 6626
“007616
-0.7616
-0.7616
‘007616
-0.7616
-0.7616
-0.8606
-00 8606
‘008606
-0.8606
-0.8606
‘008606
-0.8606
-0.8606
-0.9236
-049236

53-18

z
-0,012nN
-0.1130
-0.313Nn
-Ne&130
-0.5130
-0.6130
-0.7120
-0.8120

N.6870
N.5870
0.487N
N.3870
0.,2870
N.1870
0,0870
-0,0130
—001]30
-0.,2130
-0,.,3137
°0.4130
-0.5130
-0.7120
-0.8120
-0‘9140
“0.9695
-009140
—100140
-101300
-0.9140
-1001#0
‘101140
-1.2140
-1l,314n
-1.3920
‘0.9140
‘1.0140
-101140
’103140
-105140
-106n40
_009140
-1l.014an



CuUM,
- ELEM
NO.

847
848
849
850
851
852
853
854
855
856
857
358
859
8690
861
862
863
864
865
866
867
868
869
879
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
899
891
892
893

ELEM SUR.
NO. NO.
22 31
22 31
246 31
25 31
26 31
27 31
28 31
1 32
2 32
3 32
4 32
5 32
6 32
T 32
8 32
9 32
10 32
11 32
12 32
13 32
14 32
15 32
16 32
17 32
18 32
19 32
20 132
21 132
22 32
23 32
24 32
25 32
26 32
27 32
28 32
1 33
2 33
3 133
4 33
5 33
6 33
7 33
g8 33
5 33
10 33
11 33
12 33

AREA
SQ.METERS

0.0025200
0.0035200
0.0035200
C.0035200
0,0035200
1.,0035200
0.0041900
0.0108556
0.0108556
N.01C8556
0.0108556
0.0108556
0.N108556
0.0108556
0.01C8556
0.0055364
0.0108556
0.0108556
0.0108556
0.0108556
0.0108556
0.0108556
0.,01C0957
0.0108556
0.0108556
0.0108556
0.0108556
0.0134609
0.0108556
0.0108556
0.0108556
0.0059706
0.0108556
0.0094444
0.0033110
0.0100C00
0.0100000
0.0100000
0.0100000
0.01000G0
0.0100000
0.0120000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000

TABLE I1

DIRECTION COSINES

I
0. 72084
0.72084
0. 72084
0.72084
0.72084
0.72084
0.,72084
Ce 34202
Ce342N2
0.34202
0.34202
0.34202
0.34202
De 34202
0. 34202
0.34202
0.34202
0.34202
0.34202
0.34202
0.34202
0.34202
0.34202
0.34202
0.34202
0.34202
0.34202
0.34202
C.34202
0.34202
0.24202
0.34202
0.34202
0.34202
0.34202
0.
Q.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.

J
-0.69310
-0.69310
-0,69310
-0.69310
-0.69310
-0.69310
-0.69310
-0.93969
-0e 93969
-0.,93969
‘0-93969
-0.93969
-0.93969
-0.93969
-0+ 93969
'0.93969
'0.93969
=0.,93969
-0.93969
-0.93969
-0.93969
-0.93969
-0, 93969
-0.,93969
-0+ 93969
-0+ 93369
-0, 93969
-0493969
-0093969
-0. 93969
‘0093969
-0.93969
-0,93969
‘0.93969
-0.93969

0.
0.
0.
D.
O.
0.
0.
0.
D.
O.
Ne
0.

K
0.
0.
0.
0.
0.
0.
0.

Ne

Qe

O.

O

Oe.

O.

De

O.

0.

0.

0.

0.

0.

O.

0.

0.

Oe.

D,

0.

L.

0.

0.

0.

0.

e.

D.

0.

Q.
-1.,00000
’1.00000
-1.00C00
‘100000“
'I.DOOPO
-1.00000
-1.00000
-1.00000
-1.00000
-l.00000
-1,00000
-1.00000

ELEM MIDPOINT IN METERS
IF SHADOWASBLE

VEHICLE COORDINATE SYSTEM

X
T.1060
7.1060
7.1060
T.1060
T.1060
T.1060
T.1060
7 0440
TD440
T.0440
7.0440
T.0440
T.0440
T.0440
7.0440
70440
649440
6.9440
69440
69440
6.9440
69440
6.9440
6.8440
6.8440
6.8440
6.8440
648440
67440
6.7440
647440
6.7440
6.6440
6.6440
6.5630
7.8880
7.8880
7.8880
7.8880
7.8880
T.8880
7.8880
T.7880
7.7880
7.7880
7.7880
T.7880

Y
-0.,9236
-0.9236
‘0.9236
-0.9236
-0.9236
-N.9236
-0.9236
-0.9560
-0.9%560
'0.956”
-009560
-0.9560
-009560
~-0.9560
-0.9560
-0.9560
-N.9980
-0'9980
-0.9980
-0,9280
‘0.9980
‘009980
-0,998n
~-1.0400
'100400
-1,0400
-1.0400
-1.0400
-1.0830
‘100830
-100830
-1.0830
-1.1250
—1.1250
-1.1590
-101080
~-1.0080
-Ne9080
-0,8080
‘0.7080
-0,6080
-004980
‘1.2290
-101290
'100290
-0,9290
-0.8290

33-19

z
-101140
‘1.2140
-1l.3140
-1.4140
-1.5140
-106140
‘107?40
-0.9140
‘1.014“
'1.1140
-1.2140
‘1.3140
‘1.41#p
-105140
-106140
°106900
-0.9140
-100140
-101140
’102140
—1.314ﬁ
-104140
-1.5170
-N,.5140
-100140
‘1.1140
‘102140
-1.3269
-0,9140
‘1.0140
-101140
-101920
—0.914ﬂ
-100080
‘008890
-0.8640
‘0.8640
-0.8640
-008640
-0.8640
-0.864N
-N.8640
-0,8640
‘0.8640
-0.8640
°0.8640



CUM,
ELEM
NO .

894
895
896
897
8613
899
900
901
902
903
9C4
905
906
307
908
90%°
310
9Ll
3L2
L3
914
QY v
2l
QL7
918
920
92 1%
g2z
923
924
225
26
927
E N
929
220
931
932
933
934
925
936
@37
938
939
940

ELEM
NO .

13
14
15
16
17
18
19
20
21
22
23
2%
25
26
27
28
29
L1
33
3z
3z
RL
15
36
37

33
29
Ay
41
42
47
L5

46
47
48
49
50
51

52
53
5 4
55
56
57
€8
59

SUR.
NO«

33
33
33
33
33
33
33
33
32
33
33
33
33
33
32

33

EAREPS]

IURTCIN IS PURICE:

IR ERUCIRVN BE USRS BRCSRENN AESS ]

SIS

wd

[AE R VERRTY L ES IS RSV RN US BN UN B GE RPN SN SV YN Y UN]
S

[ IERS RSV NS B L RSN

[FS IR RGN
[EVIRFSIREN)

)

I L e W ) W
S IRGFRNUY BN UV RN GURRES SRS RO

AREA
SQeMETERS

0,0100000
0.06100000
0.010000C0
0,0C041000
0.0100000
0.0100000
0, 0100000
0.0100000
C.0100000
0.,010C000
0.01000C0
0. 0100000
0.0102000
0.010C200
C, 0100000
0.01L30000
0., 0100000
Ce G1OTL0Q
Te CRUBOOQ
0,QL00000
0 0LOAOOTC
0.a3129200
06000000
n.oLoocan
GCL20000
Do, o000
D,T100000
- 010N 0
Qe 100000
T. QL0000
0.C065300
Do ClOI0T0
0. CLOGTDD

n al e YA TNt
Qe 0.L00D0G0

by R
ARt

0.010C0000
Ce QLOCODDT
0-0l0000C
DeQL26700
0,0120000
J3.,0Q10QC02
Q.01 0C000
0.0100000
0100000
0. CLODOOD
06,0085 100
2. C10T000

%]

C.
0o
0.
0.
8.

0.
O,
O,
O.
0,
0,
(oF

Q.
Qo

0.

o ®
C.
Qe
Ca
Go
L]
Qo
@w
Q.
Co
0o
Qa
Os
Y
Do

Oo

TABLE I1

DIRECTION COSINES

0,

ELEM MIDPOINT IN METERS

IF

SHADOWABLE

VEHICLE COORDINATE SYSTEM

K
-1,00000
-1,00000
-1.,00000
=-1.00000
”1000000
-1.00000
=1.00000
~1.,00000
-1.00000
~1.00000
~1.000C0
-1.00000
"l ® OOOﬁO
“100000@
—~1+000Q00
“1@@@00@
-1.00000
~-1.00000
-1 .00000
~1.00000
~1.00000
-1 ® alagelade]
—~1.00000
-1, 00000
-1,00000
-1.C00C0
-1.0000C
-1.00000
-1.000C0
-1.00000
=1.00000C
-1.00000
”100@@@@
~1,00000
-1.00000
~1,00000
=1« 0000
=1,00C00
-1.000C0
-10C000
=1,00000C
-1.00000
-1.00000
-1,00000
-1.00000
-1.00000
-1.,00000

X
T.7880
7.7880
7.7880
7.7880
7.6880
7.56880
7.688C
7.6880
T.6880
T.6880
7.6880
7,6880
7.6880
7.5880
7.5880
T.5880
75880
7.5880
75880
7.5880
T.5880
7.5880
7.4880
74880
74880
7.4880
T.4880
T.4880
724880
T 4880
7.4880
7.3880
7.2880
7.2880
T «3880
7,3880
T.3880C
7.3880
7.3880
T7.2880
7.2880
7.2880
7.,2880
T7.2880
7.2880
7.2880
7.1880

Y
-0,7290C
-0.6290
“095290
“004580
‘1@29@“
—101900
_100°00
*009900
~0,89300
~0.7900
=0,6200
“OeSQOO
‘004890
-1.3170
—l0217®
“101170
-1,0170
~-0,9170
-0.8170
~-0.T170
‘096170
-0.5020
-1e2220
162220
-1.1270
“10032@
-0,9220
=0.,8220
Q72720
560622@
—0@5390
~1.3220
~-102220
-1.1220
-1,0220
”@39220
-0,8220
~0.7220
"00619‘42
-1,3229
~1e.2220C
-loﬁEZO
-1.0220
-0.,9220
-0.,8220C
’OmY‘QQ"&
~163220C

14
"00864ﬂ
-0e8640
~-DeB864N
~0.,8640
-NeB564N
~0Ne.8640
-0.8640
"00 8640
‘008640
-N.8640
"06 86‘#”
=0,8640
-0.,8640
-0,.864N
~0,B64D
~0e 856540
"0986‘40
~0e 8640
-0,864&40
~0 8640
”0@86@0
~0.8640
~0eB640
~(,8640
“ﬂ086@0
065641
=00 B64D
~Na86%0
~Nc8640
”ﬂgﬂééO
~0,8£40
"@@ 8@4“
"‘0@ 864@
“no 8640
~0e 82640
"0@86‘#(’
-0.8640
~0.,8640
-0,8640
“ﬂ®8640
=N,8640
"09 8640
”'0@ 85)40
-0.8640
~0,8840
-0.8640
=0.86%40



CuM,
ELEM
NO.

988

989

999

991

992

993

994

995

996

997

998

999
1000
1001
1002
1003
1004
1C05
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034

ELEM SUR,
NO. NQG.
23 34
24 34
25 34
26 34
27 34
28 34
29 34
30 34
31 34
32 34
33 34
34 34
35 34
36 34
37 34
38 34
39 34
40 34
41 34
42 34
43 34
44 34
45 34
46 34
47 34
48 34
48 34
50 34
51 34
52 34
53 34
54 34
55 34
56 34
57 34
58 34
59 34
60 34
61 34
62 34
63 34
64 34
65 34
66 34
67 34
68 34
69 34

AREA
SQ.METERS

0.0100000
0.0089000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0089000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0089000
0.0100000
0.01000C0
0.0100000
0. 0100000
0.0100000
0.0100C00
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0089000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000

TABLE I1

DIRECTION COSINES

K
-1.00000
-1.00000
-1.00000
-1,00000
-1,00000
-1.,00000
~1.00000
-1.00000
-1.,00000
-1.00000
-1,00000
-1,00000
-1,00000
-1,00000
-1.00000
-1.00000
-1.,00000
-1.00000
-1.,00000
-1,00000
-1,00000
-1.00000
-1,00000
-1.,00000
-1.00000
-1.00000
-1.00000
-1.00000
-1,00000
-1.00000
-1.00000
-1,00000
-1.00000
-1,00000
-1.00000
-1,00000
-1.00000
-1.00000
-1.,00000
-1000000
-1.00000
-1.00000
-1.00000
~-1.00000
-1.00000
-1.,00000
‘1.00000

ELEM MIDPOINT IN METERS
IF SHADOWABLE

VEHICLE COORDINATE SYSTEM

X
6.3400
6.3400
62400
6.2400
6.2400
62400
6.2400
62400
6.,2400
6.2400
6.2400
6.2400
6.2400
6.2400
6.2400
6.1400
6.1400
6.1400
6.1400
6.1400
6.1400
6.1400
6.1400
61400
6.1400
6.1400
6.1400
6.1400
6.0400
6.0400
6.,0400
6.0400
6.0400
6.0400
6.0400
6.0400
6.0400
6.0400
6.0400
6.0400
6.0400
5.9400
5.9400
59400
5.9400
5.9400
5.9400

Y
’1.0740
-0.9800
-2.1749
‘2.0740
'109740
‘1.8740
'1.7740
-106740
'105740
-104740
'103740
-1.2740
-1.,1740
-100740
-009800
-20174O
-200740
-1.9740
'108740
“107790
-106740
-105740
-104740
'103740
-102740
-101740
‘100740
-0.9800
-201740
-2.,0740
‘109740
-108740
’1.7740
'106740
-1.5740
-1.4740
‘1.3740
-102740
-101740
'100740
-0.9800
-201740
=2.,N740
-109740
-108740
-107740
—106740

33-22

z
-0,8640
-0,8640
-0.8640
'008640
-0.8640
-0.8640
‘Q.8640
-0.8640
-0.8640
-008640
-0.8640
-0-8640
-0,8640
‘0:8640
‘008640
'0.8640
-0.8640
-008640
-N.864N
~-0.8640
-N.8640
-0.8640
~-0.8640
-0.,8640
-0.8640
‘008640
-008640
-008640
-0.8640
-0.,8640
-0.8640
'0.8640
-0.8640
-0.8640
'ﬂ08640
-008640
-0.8640
-0.,8640
‘0.8640
~-0.8640
-0,8640
-0.8640
-0,8640
-0.8640
-008640

‘0.86‘0



CUM,
ELEM
NO.

941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
§57
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
S75
976
977
978
979
980
981
982
983
984
985
986
987

ELEM SUR,
NO. NO.
60 33
61 33
62 33
63 133
64 133
65 33
66 33
67 33
68 133
69 33
70 32
71 33
72 33
73 33
T4 32
75 33
76 33
77 33
78 33
79 332
80 133
81 33
82 33
83 33
84 33
1 34
2 34
3 34
4 34
5 34
6 34
T 34
8 34
9 34
10 34
11 34
12 34
13 34
14 34
15 34
16 34
17 34
18 34
19 34
20 34
21 34
22 34

AREA
SQ.METERS

0.0100000
0.0100000
0.0100000
0.0134700
0.0100000
0.0100000
0.0100000
0.0100000
0.,0028000
0.0100000
0.0100000
0.0100000
0.0100000
0.0028000
0.0100000
0.0100000
0.0100000
0.0070000
0.0100000
0.0100000
0.0085000
0.0100000
0.0100000
0.0116000
0.003C710
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0133000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000

TABLE 11

DIRECTION COSINES

K
'1000000
-1.00000
-1.,00000
'1000000
-1.00000
-1.00000
-1.00000
-1.00000
-1.,00000
-1.00000
-1.00000
‘1.00000
-1.00000
-1.00000
-1.,00000
-1.,00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.,00000
-1.00000
-1,00000
-1.00000
-1.00000
-1.00000
-1.00000
'1000000
-1.00000
-I.OOOOO
‘1.00000
-1.00000
-1.00000
-1.00000
-1.,00000
-1,00000
-1.00000
‘1000000
-1.00000
-1.,00000
-1,00000
-1.,00000
-1.00000
-1.00000
-1.00000
-1.00000

ELEM MIDPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
7.1880
7.1880
7.1880
7.1880
7.0880
7.0880
7.0880
7.0880
7.0880
6.9880
6.9880
6.9880
6.9880
6.9880
6.8880
6.8880
6.8880
6.8880
6.7880
6.7880
6.7880
6 +6880
6.6880
6.5880
644950
64400
6.4400
644400
64400
6 .4400
6.4400
644400
64400
6.4400
6.4400
644400
643400
643400
643400
63400
643400
643400
6.+3400
6.3400
643400
6.3400
643400

Y
-1.2220
‘101220
-1.,0220
-0.9046
-1.3220
‘1.2220
'1.1220
-1.0220
-0.,9580
-1.3220
'1.2220
°101220
“1.0220
”009580
'103220
-1.2220
-101220
-1.0370
-1.3220
-1.2220
’1.1295
-1.3220
-102220
“103140
-1.3535
-2.0180
-109180
-108180
‘1.7180
-1.6180
“1.5180
‘1.4180
°103180
-1.2180
-101180
‘1.0020
-201740
-2.0740
-109740
-1.8740
-l.7740
-106740
‘105740
“104740
-143740
-102740
‘1.1740

33-21

V4

-0.8640
—-0.8640
~0.,8640
~-0,8640
-0.8640
-0,8640
‘0.8640
‘0.8640
-0.8640
-n.8640
-0,.,8640
‘0.8640
-0,8640
-0,8640
-0.,8640
-0.8640
-0.,8640
'008640
'0.8640
-0.8640
-0,8640
‘0.8640
-0.8640
~-0.,8640
°008640
-0.8640
-0.,8640
—008640
-0.,8640
‘0.8640
—0.86“0
-008640
’0.8640
-0.8640
-0.8640
-008640
-0.8640
‘008640
‘0.8640
-0,8640
—0-8640
‘008640
‘008640
-0.8640
-0.8640
‘0.8640
-0,864C



Cum,
ELEM
ND.

1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1055
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1079
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081

ELEM
NO,

70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100

101

102

102

104

105

106

107

108

105

110

111

112

113

114

115

116

SUR,
NO.

34
34
34
34
34
3¢
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34

AREA
SQ.METERS

0.0100000
0.0100000
0.0100000
0.0100€¢00
0.0100000
0.0100000
0,0089000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.01C0000
0.0100000
0,0100000
¢.0100000
0.0100000
0.0100000
0.1100000
0.0089000
0.0100000
0.0100000
0.0100000
0.0100C00
0.0100000
0.2100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.,0100000
0.0100000
0.0035000
0.0100000
0.0100000
0.0100n00
0.01000C0
0.0100000
0,0100000
0.0100000
0.01¢C0000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000

TABLE I

DIRECTION COSINES

0.
0.

0.
Oe
0.
0.
0.

0.
0.
0.
0.
0.
O.
o.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
D.
0.
0.
O.
0.
O.
0.
0.
0.
De
0.
0.
0.
Ne
Q.
0.

o.
Ne.

K
-1.,00000
-1.00000
-1,00000
-1.00000
-1.00000
~1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1,00000
-1.00000
‘1.00000
-1.00000
-1.00000
-1,00000
‘1.”0000
~-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
_1000000
-1.00000
—1300000
-1.0C000
-1.00000
-1.,00C00
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.Nn0000
-1.00000
-1.00000
-1l.00000
-1.00000
-1l.00000
-1.,00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1,00000

ELEM MIDPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
5+9400
59400
59400
5.940N
59400
59400
5.9400
548400
5.8400
5.8400
58400
548400
5.8400
548400
5.8400
5.8400
5.8400
5.840C
5.84C0
5.8400
57400
5.7400
5.7400
S.7400
5.7400
5.7400
5.7400
5e7T400
547400
5.7400
57400
57400
5.7400
57400
56400
5.6400
5.6400
56400
5.6400
546400
5.6400
5.6400
546400
5 «6400
56400
5.6400
546400

Y
-1.5740
~le4740
‘103740
°102740
—1.1740
-100740
-0,9800
-2.1740
’200740
-1.9740
-1.8740
-107740
-1.6740
‘105740
-104740
-1.3740
‘1.2740
‘101740
-0.9800
‘2.1740
=2.0740
-108740
—107740
-1.6740
-105740
—10#749
‘1.3740
—102740
”1.1740
“1.0740
-0.9070
-2.1740
-109740
-108740
-1.7740
—106740
-105740
-1.,4740
-103740
-102740
‘101740
'1.0740
‘009740

(8]
|98}
i
N
W

z
-N,8640
-0.,8€40
-0.8640
-Ne48640
N RE40
=-0,8640
—0.8640
-N,8640
-0.8640
-0,.,8640
-N,B640
‘008640
—n08640
’0-8640
‘0.8640
-0.,8640
-0,8640
-0.8640
-0.8640
-0.8640
‘0.8640
-0.8640
-0.2640
-008640
-0.8640
’0.8640
-0.8640
-D.8640
-0,8640
-0.864N
-N.8640
—-N.8640
~N,8640
’008640
-0.8640
-0.8640
-0.8640
-008640
‘0.8640
~0.8640
—008640
-N,8640
—n08640
’0.8640
-0.8640
-0.,8640



TABLE I1

CUM. ELEM SUR, AREA DIRECTION COSINES ELEM MIDPOINT IN METERS
ELEM NO. NO. SQ.METERS IF SHADOWABLE

NO. VEHICLE COORDINATE SYSTEM

J K X Y 4

1082 117 34 0.0125000 O. O. ~1.00000 5.6400 -0,8615 -0.,8640
1083 118 34 0.0100000 O, 0. ~1.00000 5.5400 -2,1740 -0,8640
1084 119 34 0,0100000 O. 0. ~1.00000 5.5400 -2,0740 -0.8640
1086 121 34 0,0100000 O, 0. ~1.,00000 5.5400 -1.8740 -0,.8640
1087 122 34 0,0100000 O. 0. -1.00000 5.5400 -1.7740 -0.,8640
1088 123 34 0,0100000 O. 0. -1.00000 5.5400 -1,6740 -0.8640
1090 125 34 0.0100000 O. 0. -1.00000 5.5400 ~1.4740 -0.8640
1091 126 34 0.0100000 O. 0. -1.00000 5.5400 -1.3740 -0.8640
1092 127 34 0.,0100000 O. O. ~1.00000 65,5400 -1,2740 -0.8640
1093 128 34 (C.0100000 O, 0. -1.,00000 5.5400 -1.1740 -0,.8640
1094 129 34 0,0100000 O. 0. ~1.,00000 5,5400 -1.,0740 -0.8640
1095 130 34 0.0100000 O, 0. =1.00000 5.5400 -0,9740 -0.8640
1096 131 34 0,0100000 O. 0. -1.00000 5.5400 -0.8740 -0.8640
1097 132 34 0.,0114000 O. 0. -1.00000 5.5400 -0,7610 -0.8640
1098 133 34 0.0100000 O. 0. =1.00000 5.,4400 -2.1740 -0.8640
1099 134 34 0,0100000 O. 0. =1.00000 5,4400 -2,0740 -0.8640
1100 135 34 0,0100000 O. 0. -1.00000 5.4400 -1.9740 -0.8640
1101 136 34 0,0100000 O, 0. -1.00000 5.4400 -1.8740 -0,8640
11n2 137 34 0,0100000 O, 0. ~1.00000 5.,4400 ~-1.7740 -0.8640
1103 138 34 0,0100000 O, O. -1.,00000 5.4400 -1.6740 -0.8649
1104 139 34 0,0100000 O. 0. -1.00000 S5.4400 -1.5740 -0.8640
1105 140 34 0.,0100000 O. O. ~1.,00000 S5.4400 -1.4740 -0.8640
1106 141 34 0.0100000 O. O. ~1.00000 5.4400 -1.,3740 -0.8640
1107 142 34 0,0100000 O, 0. ~1,00000 5.4400 -1.,2740 -0.8640
1108 143 34 0.0100000 O. 0. -1.00000 5.,4400 -1.174N -0.8640
1109 144 34 0,0100000 O. 0. -1.00000 5.4400 -1.,0740 -0.8640
1110 145 34 0,0100000 O, 0. ~1.00000 5.4400 -0,9740 -0,8640
1111 146 34 0,0100000 O, 0. ~1.00000 5.4400 -0,8740 -0,8640
1112 147 34 0.0100000 O. 0. ~1.00000 5.4400 -0,7740 —-0.8640
1113 148 34 0,0104000 O. 0. -1.00000 5.,4400 -0.6720 -0.8640
1114 149 34 0.0100000 O. 0. -1.,00000 5.,3400 -2.1740 -0.8640
1115 150 34 0,0100000 O. 0. ~1.00000 5.3400 -2.0740 -0.8640
1116 151 34 0.,0100000 O. 0. ~1.00000 5.,3400 -1.9740 -0.864N
1117 152 34 0,0100000 O. O. ~-1.,00000 5,.,3400 -1.8740 ~-0.8640
1118 153 34 0.0100000 O. 0. ~1.00000 5.3400 -1.7740 -0.8640
1119 154 34 0,0100000 O. 0. -1.00000 543400 -1.6740 -0,86490
1120 155 34 0,0100000 O. 0. -1.00000 5.3400 -1.5740 ~0.8640
1121 156 34 0.,0100000 O. 0. =1.00000 5.3400 -1.4740 -N.8640
1122 157 34 0.0100000 O. 0. ~1.00000 54,3400 -1.3740 ~0.8640
1123 158 34 0,0100000 O. 0. ~1.00000 65,3400 -1.,2740 -0,8640
1124 159 34 0.,0100000 O. 0. -1.00000 5,3400 -1.1740 -0,8640
1125 160 34 0,0100000 O. 0. -1.00000 55,3400 -1.0740 -0.8640
1126 161 34 0.,0121000 O, 0. -1.00000 5,.,3400 -0,9640 -0.8640
1127 162 34 0,0100000 O. O. -1.00000 5.2400 -2.1740 -0.,8640
1128 163 34 0,0100000 O. O. -2.0740 —-0,8640

-1.00000

5.2400

33-24




CuMm,
ELEM
NO .

1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1159
1151
1152
1153
1154
1155
1156
1157
1158
1159
1169
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171

1172
1173

1174
1175

ELEM SUR,
ND. NO.
164 34
165 34
166 34
167 34
168 34
169 34
170 3¢
171 34
172 34
173 34
174 34
175 34
176 34

1 35

1 3¢

2 36

3 3¢

4 136

5 3¢

6 36

7T 36

8 36

9 36
10 36
11 36
12 36
13 3¢
14 36
15 3¢
16 3¢
17 3¢
18 36
19 3¢
20 36
21 36
22 36
23 3¢
24 36
25 36
26 36
2T 36
28 3¢
29 36
30 36
31 136
32 36
33 3¢

AREA
SQ.METERS

5.0100000
0.0170000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0078000
0.0099000
0.0100000
0.0100000
0.0100000
00079200
2.5780000
N0.92100000
0.0100000
N.0100€00
0.0100000
n,01Nn0000
0.0100000
0.0094000
0. 0100000
0.0100000
0.0100020
0.,0100000
0.0100000
0.0100000
0.0100000
0. 0098000
0.0100000
0.0100000
0.0100000
0.,0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0050000
0.0100000
c.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0073000

0.
0.
0.
0.

0.
.
0.
C.
0.
O.
0.
0.
0.
0.
0.
O.
0.
0.
0.
0.
0.
0.
O.
O.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

TABLE I1

DIRECTION COSINES

K
-1.,00000
-1.00000
-1.,00000
-1,00000
-1.00000
-1,00000
-1,00000
-1.00000
-1.00000
-1.00000
-1.00000
‘1000000
-1.00000
-1.,00000
-1,00000
-1,00000
‘1000000
-1.N0000
-1.00000
-1.00000
-1,00000
-1.00000C
-1.00000
-1.00000
_1.00000
-1.90000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
—1000000
-1.00000
~1.00000
-1000000
-1.00000
-1.0000N0
-1000000
-1.00000
-1.00000
-1.00000
-1.,N00000
-1.,00000
-1.,00000

ELEM MIDPOINY IN METERS
IF SHADOWABLE
VEHICLE COORNINATE SYSTEM

X
52400
52400
5.2400
5.2400
52400
5.2400
52400
5.2400
5.1410
51400
51400
5.1400
51400

7.8880
7.8800
7.8800
7.8800
7.8800
T.8800
7.8800
7.8800
7.8800
7.8800
7.8800
T7.8800
7.7880
T.7800
T.7800
T.6880
T.6800
T.6800
T.6800
7.6800
T.6800
7.6800
T7.6800
T.6800
T.5880
7.5800
7.5800
T.5800
T.5800
T.5800
7.5800
7.5800
7.5800

Y
-1.9740
°108740
‘1.7740
-1.6740
‘105740
“104740
'1.374Q
-1.2850
-2.0160
_1.9160
-1.8160
—107160
-106260

0.5450
0.6450
0.7450
0.8450
0.9450
1.0450
1.1420
0.5450
0.6450
0.7450
0.8450
0.9450
1.0450
l1.1450
1.2440
0.5450
046450
0.7459
0.8450
0.3450
1.0450
1.1450
1.2450
1.3200
0.5450N
N.6450
0.7450
0.84%0
0.9450
1.0450
1.1450
1.2450
1.3320

33-25

z
-0.,8640
-0.8640
‘n08640
~-0,.,8640
-008640
-008640
-0,8640
-008640
-0.8€40
-0.8640
‘008640
-N,8640
~-0.8640

’n08640
-0,8640
-0 ,8640
-008640
-N.R640
’008640
-0.,8640
-0,8640
-N.8640
-N,.8649
-0,B640
-N.8640
—-0.8640
-N.8640
’008640
-0.B8640
-0.8640
-0,8640
‘0.8640
‘0.864”
-0,8640
-0.8€40
-0.8640
-N,8640
‘008640
-0.8640
-Ne8640
“008640
-0.,8640



CuM,
ELEM
NO.

1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1165
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222

ELEM SUR,
NO.
34 3¢
35 36
36 36
37 3eé
38 36
39 36
40 36
41 3¢
42 36
43 3¢
44 36
45 136
46 3¢
47 36
48 3¢
49 36
50 3¢
51 36
52 36
53 3¢
54 36
55 36
56 36
57 36
58 36
59 36
60 36
61 3¢
62 36
63 136
64 136
65 3¢
66 36
67 36
68 136
69 3¢
70 36
71 36
72 36
73 3¢
14 36
75 36
76 36
77 36
78 36
79 36
80 3¢

AREA

NO. SQ.METERS

0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0043500
0.0100000
0.0100000
0.0100000
0.n100000
0.0100000
0.0100000
0.0100000
0.0035200
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0127000
0.0100000
0.2170000
0.0100000
0.0100000
0.0118800
0.0100000
0.0100000
0.0100000
0.0114C00
0.0100000
0.0100000
0.0100000
0.0075000
0.0100000
0.0100000
0.0136000
0.0100000
0.0100000
0.0097000
0.0100000
0.0100000
0.0058000
0.0100000
0.0119000

TABLE I1

DIRECTION COSINES

(418
0.
0.
O.
0.
0.
O
0.
0.

0.
O.
0.
0.
0.
O.
0.
Oe
O.
0.
0.
0.
o.

0.
0.
0.
0.
0.
0.

O.
0.
0.
0.
O.
0.
0.

0.
0.
0.
0.

0.
0.

K
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1,00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1,00000
-1.00000
-1.00000
-1.00000
-1.00000
-1000000
-1.00000
-1.00000
-1.00000
-1000000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1000000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.,00000
-1.00000
-1.00000
~1.00000
-1.00000
-1.00000
=-1.00000
-1.00000
-1.00000
-1.00000

ELEM MIDPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
7.4880
7.4800
7.4800
T.4800
T.4800
7.4800
7.4800
7.4800
T.4800
T.3880
T.3800
T.3800
7.3800
7.3800
7.3800
7.3800
7.3800
T.2880
7.2800
7.2800
7.2800
7.2800
7.2800
7.1880
7T.1880
T.1800
T.1800
7.1800
7.0880
7.0880
7.0880
7.0880
6.9880
6.9880
6.9880
6.9880
6.8880
6.8880
6.8880
6.7880
6.7880
6.7880
6.6880
6.6880
6.6880
6.5880
6.5880

Y
0.5785
0.6785
0.7785
0.8785
0.9785
1.0785
1.1785
1.,2785
1.3502
0.6868
0.7868
0.8868
0.9868
1.0868
1.1868
1.2868
1.3544
00,7950
0.8950
09950
1.0950
1.1950
1.3085
0.9032
1.0032
1.1032
1.2032
1.3126
1.0080
1.1080
1.2080
1.3170
1.0470
1.1470
1.2470
1.3345
1.0860
1.1860
13040
1.1250
1.2250
13235
le1€40
1.2640
1.3430
1.2030
1.3120

33=26

z

‘0.8640
-008640
-0.8640
-0.8640
-0.8640
-008640
-0.8640
-0.8640
-0.8640
-0.8640
-008640
-00864ﬂ
-0.,8640
-N.8640
-N,8640
-0.,8640
-0.8640
-0.8640
-N,8640
-N,8640
°008640
-0.8640
-0.8640
-0,.8640
-0.8640
-0.8640
-0,8640
—008640
-008640
‘0.8640
-0.,8640
-008640
-0.8640
-008640
-008640
~0,8640
-0.8640
~0.,8640
-0.8640
-N,8640
-00864”
‘0.8640
—008640
-0,8640




CuMm,
ELEM
NO.

1223
1224
1225
1226
1227
1228
1229
1230
1231
1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1261
12¢%2
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269

ELEM SUR,
NO. NG,
81 3¢
82 36
1 37
2 37
3 37
4 37
5 37
6 37
T 37
8 37
S 317
10 37
11 37
12 37
13 37
14 37
15 137
16 37
17 37
18 137
19 37
20 37
21 37
22 317
23 37
24 31
25 137
26 37
21 37
28 137
29 37
30 37
31 37
22 37
33 37
34 37
35 31
36 37
37 37
38 37
39 37
40 37
41 37
42 31
43 137
44 37
45 37

AREA
SQ.METERS

0.0086000
0.,0071380
0.0100000
0.0100000
0.0084100
0.0100000
0.0100000
0.0100000
0.0058400
0.0100000
0.0100000
0.0100000
0.7100000
0. 0100000
0,00837C0O
0.,0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0083400
0.0100000
0.0100C00
0.0100000
0.9100000
0.0100000
0.0100000
0.0100000
0.0058500
0.0100000
0.01000C9
0.01000N0
0.0100000
0.0100000
0.0100000
0.0100000
0.0118200
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.N064900

TABLE I1

DIRECTION COSINES

K
-1.,00000
-l.00000
-1.,00000
-1,00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00C00
-1.00000
-1000000
-1.,00000
-1,00000
-1.N00000
-1.00000
-1.00000
-1.00000
-1.000C0
-1 ° 00000
-1.0000C0
-1.00000
-1.00000
-1.00000
-1.00000
-1.000060
-1.00000
-1.00000
_1 [ 00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.,00000
-1.0000C0
'1 . 00000
-1 000000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.,00000
-1.00000

ELEM MIDPOINY IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
6.,4950
6.4950
6.4016
6.4016
6.4C16
6.3016
6.3016
6.3016
6.3016
6.201¢
6.2016
6.2016
5.2016
6.20156
6.2016
6.1016
6.1016
6.1016
6.1016
6.1016
6.1016
6.1016
6.0016
6.,0016
6.0016
6.0016
6.0016
6.0016
6.0016
6.0016
59016
5.9016
549016
5.9016
5.9016
59016
549016
59016
5.8016
$.8016
5.8016
5.8015%6
5.8016
5.8016
5.8016
5.8016
5.8016

Y
1.2390
1.3300
1.2373
1.3373
1.4294
1.2003
1.3003
1.4003
1.4795
1.1633
1.2633
1.3633
1.4633
1.5633
1.6552
1.1263
1.22563
1.3263
1.4263
1.5263
1.6263
1.7180
1.0893
1.1893
1.2893
1.3893
1.4893
1.5893
1.6893
1.7686
1.0523
1.1523
1.2523
1.3523
1.4523
1.5523
16523
l.7614
1.N153
1.1153
1.2153
1.3153
1.4153
1.5163
1.6153
1.7153
1.7978

33-27

z
-0.8640
-0,8640
"0. 86‘9”
-0.8640
-0.8640
-00 86‘00
-0.864n
-0. 86‘00
-N.8640
-N.8640
-0.8640
-0.8640
‘Oc 864”
~0.,8640
-008640
-N.8640
-0. 864”
-0.8640
-0.8640
-0,8640
-Ne8640
-N.8640
-N.8640
~0.8640
-0.8640
-0.8640
-0,8640
"0. 8640
-N.864N
—ﬂ. 8640
-0.8640
-0,8640
-0.8640
-0.8640
-0,8640
—Oo 8640
-N.B8640
-0.8640
-0.8640
-0.8640
-0.8640
"00 8640
- Co 8640



CUM,
ELEM
NO.

1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316

ELEM SUR,
NO. NO.
46 37
47 37
48 37
49 37
50 37
51 137
52 137
53 137
54 317
55 37
56 37
57T 37
58 137
59 37
60 37
61 37
62 317
63 37
64 37
65 31
66 137
67 37
68 37
69 37
170 37
71 317
T2 37
73 37
74 37
75 37
76 37
17 37
78 37
79 317
80 317
81 137
82 1317
83 37
84 137
85 37
86 137
87 137
88 37
89 37
90 137
91 137
92 137

AREA
SQ. METERS

0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0133300
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0136900
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.010000C0
0.0100000
0.0100000
0.0100000
0.0086700
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100¢00
0.0100000
0.0077700
0. 0100000
0.0100000
0.0100000

0.
O.
0.
0.

0.
0.

0.
0.
0.
O.
0.
0.
0.
0.

0.
0.
O.
0.
0.
0.
o.
0.
0.
0.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
C.
0.

0.
0.
0.

TABLE 11

DIRECTION COSINES

0.
Oe.
0.
0.
0.
0.
O.

0.
O.
0.
0.
0.
0.
0.
0.
O.

0.
0.

O.
0.

0.
0.
0.
O.
D.
0.
0.
0.
0.

0.
0.
0.
0.

0.
0.
0.
o.
0.
0.
0.
0.

K
-1.00000
-1.00000
-1.00000
-1.00000
-1.,00000
‘1.00000
-1000000
-1,00000
-1.00000
-1.00000
-1.00000
-1.00000
-1000000
-1.00000
-1.00000
-1.,00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1,00000
-1.00000
-1.,00000
-1.00000
-1.00000
-1.00000
-1.,00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
‘1000000
-1000000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000

ELEM MIDPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
5.7016
5.7016
5.7016
5.7016
5.7016
5.7016
57016
5.7016
5.7016
5.6016
5.6016
5.6016
5.6016
5.6016
5.6016
56016
5.6016
5.6016
5.6016
55016
5.5016
5.5016
5.5016
5.5016
5.5016
545016
5.5016
5.5016
545016
5.5016
55016
5.4016
5.4016
5.4016
544016
5.4016
54016
54016
5.4016
5.4016
5.4016
5.4016
S.4016
5.4016
53016
543016
5.3016

Y
0.9412
1.0412
1l.1412
1.2412
1l.3412
l.4412
1.5412
1.6412
1.7578
0.8172
0.9172
1.9127
le1127
1.2127
1.3127
1.,4127
1.5127
1.6127
1.7356
0.6931
0.7931
0.8931
0.9931
1.0931
1,1931
1.2931
1.3931
1.4931
1.5931
1.6931
1.7864
0.6021
0.7021
0.8021
0.9021
1.0021
1.1021
1.2021
1.3021
1.4021
1.5021
1.6021
1.7021
1.7910
0.6836
0.7836
0.8836

33-28

4
-0.,8640
-N0.8640
‘0.86“0
-008640
-0.8640
‘0.86#0
-0.8640
-0.8640
-00864ﬂ
-N.8640
-0,8640
-0.8640
‘0.8640
-0.8640
-0,8640
-008640
-0,.,8640
-008640
‘0.8640
‘0.8640
‘0.86#0
-008640
‘008640
-0.8640
-0 08640
’008640
-0.8640
-0.8640
-0.8640
-0.8640
-0.8640
-0,8640
°0.8640
-0.8640
-0.8640
-0.8640
-0.,8640
-0.8640
‘0.8640
-0.8640
-0.8640
-0.8640
-0.8640
-0.8640
-0.8640
-0.8640




CuM,
ELEM
NO.

1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363

ELEM SUR,
NO. NO.
93 137
94 37
85 37
96 37
97 37
98 137
99 137
100 31
101 37
102 37
103 37
104 37
105 37
106 37
107 137
108 37
109 37
110 37
111 37
112 37
113 37
114 37
115 37
116 37
117 37
118 137
119 37
120 37
121 37
122 37
1 38

2 38

3 38

4 38

S 138

6 138

7 138

8 38

9 38
10 38
11 38
1 39

2 39

3 39

4 39

5 39

6 39

AREA
SQ.METERS

0. 0100000
0.0100000
0.0100000
0.0100000
Nn. 0100000
0. 0100000
0.0100000
0. 0100000
0.0096200
0.0100000
0.0100000
0.01000cCO
0.0100000
0.0100000
0. 2100000
0. 0100000
0. 0100000
0.0100000
0.0100000
0.N0072100
0.0024100
0.0024100
0.0024100
0.0024100
0.,0024100
0.0N24100
0.0024100
0.0024100
0.0024100
0.n0011950
0.0067100
0.0067100
0.0C67100
0.0067100
0.0067100
0.0067100
0.0067100
0.0067100
0.0067100
0.0067100
0.0054600
0.0056000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000

TABLE I1

0.
0.
0.
0.
O.
0.
0.
0.
0.
O.
0.
0.
D.
0.
Oe
Oe
0.
0.
O.
D.
0.
0.
0.
0.
0.
0.
0.
O.
O.
0.
0.

0.

o.

0.

0.

O.

0.

0.

0.

0.

0.
-0.98306
-0.98306
‘0.98306
_0u98306
-0.98306
-0.98306

DIRECTION COSINES

K
-1.00000
-1.00000
-1.000C0
-1,00000
-1,00000
~1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.,00000
‘1.00000
'1.00000
-1.00000
-1.00000
-1.00000
’1.0000“
-1.00000
-1.00000
'1300000
'1 .ﬁON\O
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.,00000
~-1.,00000
-1.00000
-1.00700
-1.,00000
-1.00000
-1.000C0
-0.18329
-0.18329
'0018329
-0.18329
-0.18329
-N.18329

ELEM MIDPOINT IN METERS
IF SHADOWASBLE
VEHICLE COORDINATE SYSTEM

X
5.3016
5.3016
53016
543016
5.3016
53016
5.3016
5.3016
543016
5.2016
5.2016
5.2016
5.2016
5.2016
5.2016
5.2016
5.2016
5.2016
5.2016
5.2016
5.1395
5.1395
5.1395
5.1395
5.1395
5.1395
5.1395
5.1395
5.1395
5.1395
5.3320
53320
53320
53320
53320
543320
5.3320
5.3320
5.3320
543320
53320
T.0520
6.9520
6.8520
6.7520
6.6520
645520

Y
0.9836
1.0836
1.1836
1.2826
1.3836
1.4836
1.5836
1.6836
1.7817
N.8072
0.9072
1.0072
1.1072
1.2072
1.3072
1.4072
1.5072
1.6072
1.7072
1.7932
0.9302
1.0302
l.1302
1.2292
1.3302
1.4302
1.5302
1.6302
1.7302
1.8050

-0.3907
-0.2Q07
‘0019”7
-0.N907
N.0N93
0.1093
0.2093
0.,3093
0.4093
0.5000
-0.9810
-009810
-0.9810
-009810
-0.9810
‘0‘9810

33-29

z
-0.864N
-'0 .8640
-008640
-0.8640
-0,8640
-0.8640
-0.8640
'008640
-De.B640
—008640
-0.8640
_0.8640
’0.8640
‘0.8640
-0.8640
-0,8640
-0.8640
~0.8640
-008640
'0.8640
-0.8640
-0.8640
-0.,8640
-0.8640
-0.,8640
-0.,8640
-008640
-N.8640
-0,8640
-0.,8540
-0.,8640
-0.8640
-0,8640
-0.8640
-0.8640
-0,.,8640
-008640
‘0.8640
“0.8640
-106920
-1.6920
-106920
~146920
'1.6920
-106920



TABLE I

CUM. ELEM SUR, AREA DIRECTION COSINES ELEM MIDPOINT IN METERS
ErLEM  NO. NCO., SO,METERS IF SHADOWABLE
NC . VEHICLE COORDINATE SYSTEM
1 J K X Y z
1364 T 39 0,0100000 @. <0.,98306 -0.18329 6,4520 ~-0,9810 -1.6920
1365 8 39 0.01000600 0. ~0.98306 -0.18329 6.3520 -0,9810 -1,6920
1366 $ 339 0.,0100000 Q. ~0s98306 <0,18329 66,2520 =0,9810 =1.6920
1367 180 39 Q.0100000 0. ~0.98306 -0,18329 6.,1520 -0.,9810 -1.6929
1368 11 39 Q.0100000 OQ. ~0,98306 -0,18329 66,0520 -0.9810 -~1.6920
1369 12 3% 0.0100000 Q. ~0e98306 ~-0.18329 5.,9850 -0.9810 =1.6920
1370 i3 39 0.0056000 0. ~0e98306 -0.,18329 5,8520 -0,9810 -1.6920
1371 14 39 0,0081000 O, ~0,98306 -0,18329 6.9520 -0.9990 =1.5940
1372 15 39 0.010806000 O, ~0.98306 -0.18329 6.,8520 —-0,9990 -1.5%40
1373 16 39 0.,0100000 Q. ~0:.98306 <0.18329 66,7520 -0,9990 ~1.5940
1374 17 39 C.0LQ0000 Q. “0.,98306 018329 6.6520 -0.,9990 ~1+5940
137 L% 3% 0.0.00000 Q. =0,98306 <0.18325 65520 -0.9950 ~1.9340
1376 19 39 @a@l@“@@o Oe “0,98306 <=0,1832%9 644520 =0.99350 ~1.5940
L377 20 39  0.0100000 0. ~0698306 ~0.18329 6.3520 ~09990 159540
L3378 2L 39 LQEQUOQ Qs ~0.9830¢6 -0,18329 64,2520 -0,99%0 -1.5940
1379 272 39 G.01000060 Q. ~0.98306 -0,18325 641520 -0,9990 ~1.5940
LREL N 23 39 q 100 O ~0,58306 -0.18329 60520 =0.9990 -1.5%4%0
L8 s 39 1000 C. ~0.989305 -0.18329 509520 =0:9990 - 1.5940
ST LO%000 Qe ~0,923306 ~0.18329 6.8%520 ~1.0170 - 14560
ZE F9% 0 U,0.08000 O ‘@oﬁﬁ%qb ~0e15329 66,7520 =1.0170 - 1.49%0
27 34 Q,3100000 0. -0, 98306 <-0,18329 646520 =1.0T0 ~1. 4940
LB 39 o ULQ0GQG O ~0.98306 ~0.18329 645520 =1.0170 -1.49&0
, 9 3w 0L G000 Qe ~0:,98306 -0,18329 66,4520 -1.0170 «1.%4%900
133? A0 34 weulb@@(«vq @e “@e@&B@é *Q L@@?Q 6.3520 10@17@ “1&‘*@5‘0
Y3ed 21 3¢ 2500000 G ~098306 -0.18329 54,2520 =1.0170 -1.4960
1369 gd A Q;J”@@m©® Oe ~0sI8306 -0,18329 601520 -1.0070 1.49£0
LI O ~0.98306 018329 6,0520 ~1,0170 - 14960
s B 99 W0, D.IBA0E D,L1BIZG  6£,7520 -1.6350 - 1.24R0
3¢ B.3100008 G, ~0.98308 “ColB329 86,6520 -1,3350 - 1.3980
6 39 0.2100000 0. “0.98306 -0.18329 £.5520 -1-0350 -1,3980
3T G »ULCACOCTH Qe ~0e98308 018329 604520 ~1.0350 -1.3580
2R L DGl uk @’\,’\» 0o ~0.98304 -0 @1%%2@ 653520 10350 —=1.3980
. - SR 0o 0.98306 018329 6£.2520 1.035Q u,ﬁQBN
13ev G BQ 012G Oo ~0.98306 =0,:8328 6 1520 ~1.03%0 - 1.2980
3391 A SN I (2 BT Qe 093306 -0.18329 « 1520 - 10540 -1.3000
3Gy S ,vJTb“" Qo =0 98306 —-0.1832Y% 6w©§2@ -»1.06640 =1.3000
LIV S A Co ~J.98308 0e 18329 eS8 ©Led 4T Te 2000
L&on & iy 39 . Co 098306 =0.18329 65+6520 ~1.0540 11,3000
V&3¢ “% 3% WOLWQO@Q’ (8 ~Q,98%06 -0.18329 603520 -1,0540 -1.3000
LeQ3 & 29 uku 06GE08 B ~0.98306 0018329 6.2520 -1.0%40 -1.3000
1404 @7 2C 53000 Qe ~0.98306 —0,18329 641520 =1.0%40 ~-1.3000
l&Q% 48 2w @,W“V/O@@ Qe ~0, 98306 -0,18329 66,6520 ~1.0770 ~1.2020
LdGo &% 3% Q.0LO0000 Qe ~0.98306 -0.18329 605520 -L.0720 - 1.,2020
144G LR R 00 O ~0,98306 ~0,18329 6.,4520 -1.0720 1.2020
L&Q R B3 0L SR00B00 Qe =0 9R30E6 018329 6.3520 -1.0720 1.202C
140Yy S R 0L.0070000 Q. =0e 90305 -0o16329 6.2520 ~1,0720 -1.2820
1410 53 29 00002000 O ~0s98306 -0,18329 665520 -~1,0900 -1.1040




TABLE 11

CUM. ELEM SUR, AREA DIRECTION COSINES ELEM MIDPOINT IN METERS
ELEM NO. NO. SQ.METERS IF SHADOWABLE
NO. VEHICLE COORDINATE SYSTEM

I J K X Y z
°0.98306 °0018329 604520 '100900 "101040
-0.98306 -0,18329 6.3520 -1.,0900 -1.1749
-0.98306 -0,18329 6,4520 -1.1080 -1,006°

l411 54 3¢
1412 55 39
1413 56 39

0.0100000 O.
0.0102000 O.
0.0304000 O.

1414 1 4C 3,0800000 -1.00000 O. D.

1415 1 41 0,0100000 O. 1.00000 O. 7T.4810 1.3720 90.6870
1416 2 41 0.0100000 O. 1.,00000 O. 7.4810 1.3720 0.5870
1417 3 41 0.0100000 O. 1,00000 O, T«4810 1.3720 00,4870
1418 4 41 0.0100000 O. 1.00000 O. 744810 11,3720 0.3870
1419 5 41 0.0100000 O. 1.00000 0. T.4810 1.,3720 0,2870
1420 6 41 0,0100000 O. 1.00000 O, 7.4810 11,3720 0.1870
1421 7 41 0.0100000 O. 1.00000 O, T.4810 11,3720 0,0870
1422 8 41 0.0100000 0. 1.00000 O T.4810 1.3720 -0,0130
1423 9 41 0.0100000 O. 1.00000 O. Te4810 13720 -0.1130
1424 10 41 0.07100000 O. 1.00000 O, T.4810 11,3720 -N.2130
1425 11 41 0.0100C00 O. 1.00000 0. 7T.4810 1.3720 -9,3120
1426 12 41 0.0100000 O. 1.00000 O. T.4810 1.3720 -0,4130
1427 13 41 0.0100000 O. 1.00000 O, 7.4810 11,3720 -0.,513N0
1428 14 41 0.0100000 O. 1.00000 O, T.4810 1.3720 ~-0,6130
1429 15 41 0.0100000 0. 1.00000 O. Te4810 1.3720 -0,7130
1430 16 41 0.0100000 O, 1.00000 O, Te4810 1.3720 -0.81290
1431 17 41 0.,0100000 O. 1.00000 O, T«3810 1.3720 0.6870
1432 18 41 0.0100C00 O. 1.00000 0. 7.3810 1.2720 0.5871
1433 19 41 0.0100000 O. 1.00000 O, Te3810 1,3720 00,4870
1434 20 41 0.0100000 O. 1.00000 O, T.3810 1.3720 10,3870
1435 21 41 0,0100000 O. 1.00000 O, T.3810 1.3720 (,2870
1436 22 41 0,0100000 O. 1.00000 O, 7.3810 11,3720 0,.,1870
1437 23 41 0,0100000 O. 1.0000C O. 7.3810 1.,3720 0,0870
1438 24 41 0.,0100000 O. 1.00000 0O, 7.3810 1.3720 -0,0130
1439 25 41 0.0100000 O. 1.00000 O, 73810 1.3729 -0,1120
1449 26 41 0,0100000 O. 1.00000 0. 7.3810 1.372C0 -0,2130
1441 27 41 0.,0100000 O. 1.00000 O. 73810 1.3720 -N,3130
1442 28 41 0.0100000 O. 1.00000 0. Te3810 1.3720 -0,4130
1443 29 41 0,017°0000 O. 1.00000 O. T.3810 11,3720 -0,5123C
1444 30 41 ©€.0100000 O. 1.00000 O, 7.3810 1.3720 -9,6139
1445 31 41 0.0100000 O, 1.00000 O. T.3810 1.3720 -N,7130
1446 32 41 0.0100000 O. 1.00020 0. 743810 1.3720 -0.8130
1447 33 41 0.0100000 O. 1.00000 0. T«2810 1.3720 0.6870
1448 34 41 0.0100000 O. 1.00000 O, 7.2810 1.3720 0.,5870
1449 35 41 0.0100000 O. 1.00000 0. 742810 1.3720 0.,4870
1450 36 41 0,0100000 O. 1.,00000 0. T.2810 1.3720 0.3870
1451 37 41 0.0100000 O. 1.00000 O. T.2810 1.3720 00,2870
1452 38 41 0.0100000 O. 1.00000 O. T«2810 1,3720 n,1870
1453 39 41 0.0100000 O. 1.00000 0. T.2810 1.3720 0.0870
1454 40 41 0.0100000 O. 1,00000 O. T.2810 1,3720 -n,N130
1455 41 41 0.0100000 0. 1.00000 O. T.2810 1.3720 -0.1130
1456 42 41 0,.0100000 O. 1.00000 0. 7.2810 1.3720 -0.2130
1457 43 41 0.,0100000 O. 1.00000 0. 7.2810 1.3720 -0,3130

33-31



CuM,
ELEM
NO.

1453
1459
1460
1461
1462
1463
1464
1465
1466
1467
1468
1469
1479
1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1501
1502
1503
1504

ELEM SUR,
NO. NO.

44 41
45 41
46 41
47 41
48 41
49 41
50 41
51 41
52 41
53 41
54 4]
55 41
56 41
57 41
58 41
59 41
60 41
61 41
62 41
63 41
64 41
65 41
66 41
67 41
68 41
69 41
70 41
71 41
72 41
73 41
74 41
75 41
76 41
77 41
78 41
79 41
80 41
8l 41
82 41
83 41
86 41
85 41
go 41
87 41
88 41
89 41
90 41

AREA
SQ.METERS

0,0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.,0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100C00
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0,0100000
0.0100000
0.0100000

TABLE II

J
1.00000
1.00000
1.,00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.,00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.,00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.,00000
1.,00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

DIRECTION COSINES

ELEM MIDPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
7.2810
T.2810
7.2810
7.2810
7.2810
7.1810
7.1810
7.1810
7.1810
7.1810
7.1810
7.1810
7.1810
7.1810
7.1810
7.1810
7.1810
T.1810
7.1810
7.1810
7.1810
7.0810
7.0810
T.0810
7.0810
7.0810
7.0810
7.0810
7.0810
7.0810
7.0810
7.0810
7.0810
7.0810
7.0810
7.0810
7.0810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810

Y
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
13720

33-32

4
-0.4130
-0.5120
-0,6130
-0.7130
-0.8130

N.687D
0.5870
0.4870
0,.,3870
0,.,2870
0.1870
0,0870
-0.0130
-0.,1130
-002130
-0.3139
"004130
-0.5130
-N.6130
-007130
-0.8130
0.6870
0.5870
0.4870
0.3870
0.2870
0.1870
0.0870
-0,0130
-0.1130
-0.2130
-0.3120
-0.4130
-0.5130
-0.6130
-0.7130
-0.,8130
0.6870
0.5870
0.4870
0.3870
0.2870
0.1870
0.0870
-0.0130
"0.1130
-0.2130




Cum,
ELEM
NO.

15C5
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551

ELEM
NO.

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137

SUR.
NO.

41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
4]
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41

AREA
SQ. METERS

0.0100000
0.0100000
0.0100000
0.0100000
0,0100000
0.0100000
0.0100000
9.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0. 0100000
0.0100000
0.0100000
0.0100000
0.0100C00
0.0100000
0.0100000
0.0100000C
0.0100000
0.0100000
0.0100000
0.0100C00
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0. 0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.010CC00
0.0100000

TABLE I1I

J
1. 00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1. 00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.,00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1,00000
1,00000
1.00000
1.00000
1,00000
1. 00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1,00000

DIRECTION COSINES

ELEM MIDPQOINT IN METERS
IF SHADOWABLE

VEHICLE COORDINATF SYSTEM

X
6.9810
6.9810
6.9810
6.9810
6.9810
6.9810
6.8810
6.8810
6.8810
6.8810
6.8810C
6.8810
6.8810
6.8810
6.8810
6.8810
6.8810
6.8810
6.8810
6.8810
6.8810
6.8810
6.7810
6.7810
6.7810
6.7810
6.7810
6.7810
6.7810
6.7810
6.7810
6.7810
6.7810
6.7810
6.7810
6.,7810
6.7810
6.,7810
6.6810
6.6810
6.6810
6.6810
6.6810
6.6810
6.6810
6.6810

Y
1.3720
1.3720
1.3720
1.3720
1.3720
1.32720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
l.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
13720
1.3720
1.3720
1.3720
1.3720
1.3720
13720
1.,3720
1.3720
1.3720
1.3720

33-33

)4
-0.3130
-006130
-1.7130
-0.8130

2.6870
0.5870
N,4870
N.3870
0.,2870
0.1870
0.0870
-0,0130
-0.113C
-0.3130
-0e4130
-005130
-0.6130
-0,7T130
-0.8130
N.,6870
Ne5870
0.4870
N.2870
0.2870
0.1870
0.0870
-0.0130
-04,1130
-0.2130
-N,3130
‘0.4130
-0.5130
-0,6130
=0.7130
-N,8130
0.6870
0.5870
0.4870
N.3870
0.2870
0.,1870
00,0870
-0.0130
-0.,1130




CUM,
ELEM
NO.

15¢€2
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
1581
1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597
1598

ELEM SUR.
NO. NO,

138 41
139 41
140 41
141 41
142 41
143 41
144 41
145 41
146 41
147 41
148 41
149 41
150 41
151 41
152 41
153 41
154 41
155 41
156 41
157 41
158 41
159 41
160 41
161 41
162 41
163 41
164 41
165 41
166 41
167 41
168 41
169 41
170 41
171 41
172 41
173 41
174 41
175 41
176 41
42
42
42
42
42
42
42
42

O~NCNPWN -

AREA
SQ.METERS

0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0093000
0.0093000
0.0093000
0.0093000
0.0093000
0.0093000
0.0093000
0.0093000
0,0093000
0.0093000
0.0093000
0.0093000
0.0093000
0.0093000
0.0093000
0.0093000
0.0033120
0.0108556
0.0094444
0.0108556
0.0108556
0.0108556
0.0059706
0.0108556

TABLE II

DIRECTION COSINES

0.
~-0.34202
-0034202
-0.34202
-0. 34202
-0e34202
-0.34202
-0.34202
-0.34202

J
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1,00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.0009%0
1,00000
1.00000
1.00000
1.00000
1.00000

-0.93969
-0.93969
-0. 93 969
=0.93969
-0.93969
-0.93969
-0.93969
-0.93969

0.

0.
Ne
D.
0.
0.
0.
0.

0.
O.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.

0.
C.
Oe.

0.
0.
Oe.
O.
0.
0.
0.

0.
0.
0.
0.

Oe
Oe
0.
0.

ELEM MIDPOINT IN METERS
IF SHADOWASBLE
VEHICLE COORDINATE SYSTEM

X
6.6810
6.6810
6.6810
6.6810
6.6810
6.6810
6.6810
6.5810
6.5810
6.5810
6.5810
6.5810
6.5810
6.5810
6.5810
6.5810
6.5810
6.5810
6.5810
6.5810
6.5810
6.5810
6.5810
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.4850
6.1750
6.,0940
6.,0940
5+9940
59940
59940
59940
58940

Y
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.,3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
1.3720
13720
1.3720
1.1590
1.1250
1.1250
1.0830
1.0830
1.0830
1.083n0
1.0400

33-34

4
-0.2130
-0.,3130
-0.4130
-0.5130
-0.6130
-0.7130
"0.8130

0.68790
0.5870
0.4870
0.3870
0.2870
0.1870
0.0870
-0,0130
-Na11320
-0.2130
-0.3130
-N.4130
-0.5130
-0 06130
-0.7130
-0.8130
0.6870
N.5870
0.4870
0.3870
0.2870
0.,1870
0.0870
-0 00130
"0.1130
-0.2130
-0.3130
-0.4130
-0.5130
—0.6130
-0.7130
~0.8130
-0.8890
-0.9140
-1,0080
~0.9140
-1.0140
'101140
-1.1970
-Ne9140




CumM,
ELEM
NO.

1599
1600
16C1
1602
1603
1604
1605
1606
1607
1608
1609
1610
1611
1612
1613
1614
1615
1615
1617
1618
1619
1620
1621
1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645

ELEM SUR,
NO. NO.
9 42
10 42
11 42
12 42
13 42
14 42
15 42
16 42
17 42
18 42
19 42
20 42
21 42
22 42
23 42
246 42
25 42
26 42
27 42
28 42
1 42
1 44
2 44
3 44
4 44
5 44
6 44
T 44
8 44
9 44
10 44
11 44
12 44
13 44
14 44
15 44
16 44
17 44
18 44
19 44
20 44
21 44
22 44
23 44
24 44
25 44
1 &S

AREA
SQ.METERS

0.0108556
0.0108556
0.0108556
0.0134609
0.0108556
0.0108556
0.0108556
0.0108556
0.0108556
0.0108556
0.0100957
0.0108556
0.0108556
0.01C8556
C.0108556
0.0108556
0.0108556
0.0108556
0.0108556
0.0055364
0.1400000
0.0140010
0.0140010
0.0140010
0.0140010
0.,0140010
0.0140010
0.0140010
0.0140010
0.0153030
0.0140010
0.0140010
0.0140010
0.0140010
0.0140010
0.0140010
0.0140010
0.0189150
0.0189000
0.0189000
0.0189000
0.0189000
C.0189000
0.0189000
0.0189000
0.0097100
0.6369200

TABLE I1I

DIRECTION COSINES

I
-0.34202
-0. 34202
-0 34202
-0s34202
~0. 34202
-0. 34202
-0.34202
-0. 34202
-0.34202
-0.34202
-0.34202
-0.34202
-0. 34202
-0.34202
~-0.34202
-0e34202
-0634202
~0. 34202
-0034202
-0.34202
-1,00000
-0069993
-0.69993
-0069993
-0,69993
-0.69993
-N. 69993
-0.69993
-0.69993
~0.69993
-0.69993
-0.69993
-0.69993
-0.69993
~-0.69993
-0,.,69993
-0.699G3
-0069993
~-0.69993
—nc69993
-0.,69993
-0.69993
—0069993
‘0.69993
-0.,69993
-0.69993
-0058778

J
-0.,93969
~0,93969
-0.93969
-0.93969
-0.93969
-0.93969
‘0093969
-0093969
-0.93969
-0.93969
-0.93969
~0492969
~0,93969
~0.93969
-0.93969
-0.93969
-0.93969
‘0.93969
-0493969

O.
-0071421
-0.,71421
’0071421
-0.71421
-0.71421
-0.71421
’0.71421
-0.71421
—0.71“21
-0.71421
-0.71421
-0.71421
“0.71421
-0.71421
-0.71421
-0.71421
‘0‘71421
-0.71421
-0.71421
-0.71421
-0.71421
-0.71421
-0.71421
-0.71421
‘0.71421

0.

K
Q.
D.
0.
0.
0.
0.
Ce.
0.
0.
D.
0.
C.
0.
D.
0.
Q.
0.
O.
0.
0.
0.
0.
0.
O.
0.
O.
0.
S
0.
0.
0.
0.
0.
0.
Ne
Oe
0.
0.
0.
0.
O.
0.
0.
Ce
0.
0.

-0,80902

ELEM MIDPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
5.8940
5.8940
5.8940
58940
S«7940
57940
57940
57940
57940
57940
5«7940
56940
546940
56940
5 «6940
546940
546940
5.6940
546940
5.6940

Se6942
5.6942
56942
5.6942
546942
506942
56942
56942
5.6942
5.5942
545942
565942
55942
55942
55942
545942
545942
5.4816
S.4816
5.4816
5.4816
5.4816
544816
5.4816
5.4816

Y
1.0400
1.N0400
1.0400
1.0400
0.9980
0.9980
0.9980
N.9980

-0.9980
‘0.9980
‘009980
'0.9560
‘009560
-009560
*Q.9560
-0.9560
-0.9560
_0.9560
-N,9%60
-0.9560

-D.89656
‘0.8966
‘008066
—0.8966
‘008966
‘0.8966
’0.8966
-008966
’0.8966
’008018
-0.,8018
‘0.8”18
-0.8018
-0.8n18
-0.8018
-N.8018
’0.8018
‘006950
’0.6950
-0.6950
’0.6950
’0.6950
-0.6950
-0.6950
’0.6950

33-35

4
‘1.0140
‘1.1140
-1.2140
-1.3260
-009140
‘1.0140
‘1.1140
‘1.2140
-1.3140
—1.414”
—1‘5100
‘009140
°100140
-101140
-1.2140
’1.3140
-104140
-105140
‘1.614”
-1.6900

-0.9136
-1.0136
-1l.1136
-1.2136
“1.3136
-1.4136
-1.5136
-106136
'1.7182
’009136
-100136
‘1-1136
-102]36
-1.3126
_105136
-106312
-0.9136
—100136
‘1.1136
‘103136
-1.5136



Cum.
ELEM
NO.

1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1¢64
1665
1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680
1681
1682
1683
1684
1685
1686
1687
1688
1689
1699
1691
1692

ELEM SUR,
NO. NO.
1 46
2 46
3 46
4 4¢
5 46
6 4¢
T 46
8 46
9 46
10 46
11 4é¢
12 46
13 46
14 46
15 4¢
16 46
17 46
18 46
19 46
20 46
21 46
22 46
23 46
24 4¢
25 46
26 46
27 46
28 46
29 46
30 46
31 46
32 46
32 46
34 46
35 46
36 46
37 4é
38 46
39 46
40 46
41 46
42 46
43 46
44 46
45 46
46 46
47 46

AREA
SQ.METERS

0.0100000
0.0100000
0,0100000
0.0100000
0.0100000
0.0100000
2.0100000
0.010N000
0.0100000
0.0100000
0.0100000
0.0100000
0.0061800
0.7100000
0.0100000
0.0100000
0.0100000
0.7100000
0,0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0061800
0.0100000
0.0100000
0. 0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
N0.0100000
0.0100000
0.0100000
0.0061800
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.2100000
0.0100000

TABLE I1

DIRECTION COSINES

I J
-1. 00000 0.
‘1000000 0.
-1,00000 0.
-1, 00000 0.
-1.00000 0.
‘1.00000 O.
-1.00000 O.
’1.00000 0.
-1.00000 0.
-1, 00000 O,
-1.00000 O,
-1.00000 0,
‘1.00000 00
-1. 00000 O.
-1.00000 O.
'1.00000 0.
-1.00000 O,
-1000000 0.
-1. 00000 O.
-1000000 00
-1.00000 O.
-1.00000 O.
-1.,00000 O.
‘1000000 0.
-1.00000 O,
-1,000C0 O,
’1.00000 0.
-1.00000 O.
-1, 00000 O.
-1.00000 O.
-1.00000 O,
-1.00000 00
-1.00000 O.
-1000000 Oo
-1. 00000 0.
-1000000 0.
-1. 00000 O.
-1.00000 O.
‘1.00000 Oo
‘1.00000 0.
-1.00000 0.
-1.00000 0.
‘1000000 0.
‘1000000 00
-1.00000 O.
-1.00000 O,
-1,00000 O,

0.
0.
0.
0.
0.
0o
0.
0.
O
O.
0.
0.
O
0.
0.
0.
0.

0.
0.
Oe
0.
0.
O
0.

0.
0.
O.
0.
Co.
D.
0.
0.
Oe
0.
0.

0.
0.
0.
0.
0.
0.
0.
O.
Oe.

ELEM MIDPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
5.4191
5.4191
5.4191
5.4191
5.4191
5.4191
5.4191
5.4191
54191
5.4191
5.4191
54191
5.4191
5.4191
5.4191
54191
5.4191
5.4191
5.4191
5.4191
5.4191
54191
5.4191
5.4191
S.4191
5.4191
5.4191
5.4191
5.4191
5.4191
5.4191
54191
5.4191
5.4191
54191
54191
54191
5.4191
5.4191
5.4191
5.4191
5.4191
544191
S.4191
5¢4191
5.4191
5.4191

Y 7
0.5809 -0,9136
0.9809 -0,9136
0.3809 -0.9136
002809 ‘009136
0.18”9 ‘009136
0.0809 -0.9136

-000191 -009136
-N.1191 -0.9136
_0.2191 *0-9136
-0,3191 -0.9136
-0.4191 -0.9136
-005191 -Ooolaé
-0.6911 -0,9136
0.5809 -1,0136
0.4809 -1,N136
0.3809 -1.0136
0.2809 -1.N136
001809 -100136
0.0809 ‘100136
-000191 “1.0136
-0.1191 -1.0136
-0.2191 -1.0136
-003191 -1001?6
-0.4191 -1.0136
-0.5191 -1.,0136
-0.6000 -1,0136
005809 ’1.1136
0.4809 -1.1136
0.3809 ‘1-1136
0.2809 ‘1-1136

0.1809 -1.1136
0.NBOY9 -1,1135
-0.0191 -1,1136
-001191 -101136
'0.2191 ‘1.1136
-0.3191 -1.1136
-N.4191 -1.1136
-0.5191 -1.,1136
-006000 _1.1136
D.5809 -1.,2136
0.4809 -1.2136
0.3809 -1,2126
0.2809 -1.,2136
0.1809 -1,2136
0.0809 -1.213%
-0.0191 -1.2136
-0.1191 -1,2126

33-36




Cum.
ELEM
NO.

1693
1694
1695
1695
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1708
1709
1710
1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724

1725

1726
1727
1728
1729
1730
1731
1732
1733
1734
1735
1736
1737
1738
1739

ELEM SUR.
NO. NO.
48 46
49 46
50 46
51 4¢€
52 46
53 46
54 46
55 46
56 46
57T «4¢
58 46
59 46
5C 46
61 46
62 46
63 46
64 4¢&
65 4¢
66 46
67 46
68 46
69 46
70 46
T1  4¢
T2 46
13 4¢
74 46
T5 46
16 46
7T 46
78 46
T9 46
80 46
81 4¢
82 46
B3 4¢
84 46
85 &6
86 46
87 46
88 46
89 46
90 46
91 46
1 47
2 47
3 47

AREA
SQ.METERS

0.0100000
0.0100000
0.n100000
0.0100000
0.0061800
0.0100000
0.0100000
0.0100000
0.0100000
0.0100C00
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.00618C0
0.0100000
0.0100000
0.0100000
0.01000C0
0.0100000
0.0100n000
0.0100000
0.0100000
0.,0100000
0.01C0000
0.01C0000
c.0100000
N.0061800
0.0104900
0.0104900
0.0104900
0.0104900
0.0104900
0.0104900
0.0104900
0.0104900
0.0104900
0.0174900
0.01049C0
0,0104900
0.0064830
0.0140010
0.7140010
0.0140010

TABLE I1

DIRECTION COSINES

I
-1. 00000
-1. 00000
-1, 000CO
-1. 00000
-1.00000
-1, 00000
-1. 00000
-1.00000
-1, 00000
-1. 00000
-1.,00000
-1.000C0
~-1.00000
-1, 00000
-1.00000
-1. 00000
-1.00000
-1. 00000
-1.00000
-1.00000
-1, 00000
-1. 00000
-1. 00000
-1.00000
-1.00000
-1. 00000
-1.000C0
-1.00000
-1. 00000
-1,00000
-1.00000
-1.00000
-1.06000
-1.00000
-1.,00000
-1.000C0
-1.,00000
-1.00000
-1. 00000
-1.00000
-1.000¢0
-1.00000
-1.00000
-1.00000
-0.69993
-0,69993
-0.69993

C.
0.
0.
0.
0.
0.
0.
O.
0.
0.
0.
0.
0.
0.
Ce
0.
0.
0.
0.
Oe
0.
0.
0.
0.
0.
0.
0.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
Oe
0.
0.
0e71421
0.71421
0.71421

ELEM MIDPOINT IN METERS
IF SHADOWABLE

VEHICLE COORDINATE SYSTEM

X
54191
5.4191
5.4191
5.4191
5.4191
5.4191
5.4191
5.4191
S.4191
5¢4191
5.41591
5.4191
5.4191
54191
5.4191
5.4191
544191
5.4191
5.4191
5.4191
5.4191
S«4191
54191
5.4191
5.4191
5.4191
54191
544191
5.4191
5.4191
5.4191
54191
5.4191
5.4191
54191
5.4191
5.4191
54191
5.4191
54191
5.4191
54191
54191
5,4191
506942
56942
546962

Y
-0.2191
-0.3191
-0.4191
—0.51Q1
-0.6N0N

0.5809
0.4809
0.3809
042809
0.1809
N0.0809
-0.0191
-001191
-0.2191
-0.4191
-0.5191
-0.6000
0.5809
0.4809
0.3809
0.2809
0.1809
0.0809
-000191
-Oo 1191
’002191
-0.3191
-N.4191
-0.5191
"0.60(‘0
0.5809
0.4809
0.3809
0.2809
0.1809
t.N809
-0.1191
-0.2191
-0.4191
‘005191
-N.60N0
0.8966
0.8966
0.8966

33-37

z
‘1021%6
_102136
-102136
'1.2136
-1.2136
-103136
-103136
-1.3136
—103136
"103136
-1.3136
-103136
-103136
-1.3136
-103136
-1.4136
-1l.41326
-1l.4136
‘1.4136
-1.4136
-1.4136
-104136
-104136
~1.4136
—le4l136
-1.4136
-104136
_104136
-1.5160
-1.5160
-1.5160
-le5160
-1.5160
'105160
‘1.5160
-1.516ﬂ
“1.5160
-1.5160
-1.5160
"1.5160
-l.5160
-N.9136
‘1.0136
"1.1136



CuUM,
ELEM
NO.

1740
1741
1742
1743
1744
1745
1746
1747
1748
1749
1759
1751
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1779
1771
1772
1773
1774
1775
1776
1777
1778
1779
1780
1781
1782
1783
1784
1785
1786

ELEM SUR.
NO. NO.
4 47
5 47
6 41
7 47
8 47
9 47
10 47
11 47
12 47
13 47
14 417
15 47
16 47
17 47
18 47
19 47
20 47
21 47
22 47
23 47
24 47
25 47
1 48
2 48
3 48
4 48
5 48
6 48
7 48
8 48
9 48
10 48
11 48
12 48
13 s4e
14 48
15 468
16 48
17 48
18 48
19 48
20 48
21 48
22 48
23 4@
24 48
25 4e

AREA
SQ.METERS

0.0140010
0.0140010
0.0140010
0.0140010
0.0140010
0.0153030
0.0140010
0.0140010
0.,0140010
0.0140010
0.0140010
0.0140010
N0.,0140010
0.0189150
0.0189000
0.0189000
C.0189000
0.0189000
0.0189000
0.0189000
0.0189000
0.0097100
0.0033120
0.0108556
0.0094444
0.01C8556
0.0108556
0.0108556
0.0059706
0.0108556
0.0108556
0.0108556
0.0108556
0.0134609
0.0108556
0.0108556
0.0108556
0.,0108556
0.0108556
0.0108556
0.0100957
0.0108556
0.0108556

TABLE 11

DIRECTION COSINES

I
-0.69993
-0,69993
-0.69993
-0.69993
-0.69993
~0,69993
—0.69993
-0.,69993
-0.69993
—0069993
-0.69993
-0.69993
-0,69993
‘0.69993
-0.69993
-0.69993
-0.69993
~0.69993
~0.69993
~0.69993
-0.69993
-0.69993
-0.34202
’0034202
-0.34202
-0.34202
-0.34202
-0.34202
-0.34202
-0.34202
‘Oo34202
-0434202
~0.34202
-0.34202
‘0034202
-0.34202
-0034202
-0.34202
-0434202
-0,34202
-0.34202
‘0034202
-0.34202

0.0108556 -0434202

C.0108556

‘0034202

000108556 °0.34202

0.0108556

‘0034202

J
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
0.71421
C.71421
0.93969
0.93969
0693969
0.93969
0.93969
0.93969
0.93969
0.93969
0.93969
093969
0.93969
0.93969
0.93969
0.93969
0.93969
0.93969
0.93969
0.93969
0.93969
0.93969
0.93969
0.93969
0e93969
0.93969
0.93969

0.
0.
Do
O.
O.
0.
0.
0.
0.
0.

De
0.
Oe.
0.
0.
0.
0.
0.
Oe.
0.
0.
0.
0.
De
0.
0.
O.
0.
0.

O.
0.

Oe.
0.
0.
0.
0.
O.
0.
0.
0.

Oe
0.
De.

ELEM MIDPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
546942
546942
5.6942
546942
56942
56942
5.5942
5e5942
545942
545942
545942
545942
5¢5942
55942
5.4816
5.4816
5.4816
5.4816
5.4816
5.4816
5.4816
S.4816
6.1750
6.0940
6.0940
549940
59940
509940
549940
5.8940
5 +8940
548940
5.8940
5+8940
57940
57940
57940
547940
547940
57940
547940
546940
5.6940
5.6940
546940
5 «6940
5.6940

Y
0.8966
0.8966
0.8966
0.8966
D.8966
0.8966
0.8018
0.8018
0.8018
0.8018
0.8018
N.8018
0.8018
0.8018
D+6950
0.6950
0.6950
0.6950
0.6950
0.6950
0.6950
0.6950

-101590
-1.1250
‘1.1250
-1.0830
-100830
-1.0830
°100830
-1.0400
‘100400
‘1.0400
-1.0400
-1.0400
0.9980
0.9980
0.9980
0.9980
0.9980
0.9980
0.9980
0.9560
0.9560
0.9560
0.9560
0.9560
0.9550

33-38

4

'102136
-1.3136
-1.4136
-1.5136
’1.6136
-107182
-N.9136
'1.0136
-101136
-1.2136
-1.3136
-1.4136
-105136
-1.6312
-0.9136
-1.0136
-1.1136
-1.2136
-1.3136
'1.4136
-1.5136
‘1.5893
-008890
-N0.9140
-0.9140
-100140
-1.1140
-1.1970
-009140
'1.0140
-101140
—102140
-1.3260
-0.9140
-100140
-101140
-102140
-103140
-1.4140
-1.,5100
-0.9140
-100140
‘1.1140
-1.2140
-103140
-1.4140




Cum.
ELEM
NO .

1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
18C3
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814
1815
1816
1817
1818
1819
182n
1821
1822
1823
1824
1825
1826
1827
1828
1829
1830
1831
1832
1833

ELEM SUR.
NO. NO.
26 48
27 48
28 48
1 49
2 4G
3 49
4 49
5 49
6 4S
T 4%
8 49
9 46
10 49
11 49
12 49
13 49
14 4o©
15 4S
16 49
17 4S
18 49
19 4G
20 45
21 4S
22 49
23 49
24 49
25 49
26 49
27 49
28 49
29 49
30 49
31 49
22 49
33 49
34 49
35 49
36 49
37 4G
38 49
39 49
40 49
41 49
42 49
43 49
44 49

AREA
SQ.METERS

0.01C8556
0.0108556
0.0055364
0.0056000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
n,0100000
0.0100000
0.0100000
0.0100000
0.0056000
0.0081000
0.,0100000
0.,01C0000
0.0100000
0.01CNOOO
0.1100000
0.0100000
0.0100000
0. 0100000
0.0100000
0.0081000
0.0105000
0.0100000
0.0100000
0.0100000
0.0100600
0.0100000
0.0100000
0.0100000
0.0105000
0.0129000
0.0100000
0.0100000
0.01000cCC
0.0100000
0.0100000
0.0129000
0.00%53000
0.0100000
0.0100000
0.2100000

TABLE I1

DIRECTION COSINES

I
-0.34202
-0.34202
-0.34202

0.
0.
0.
o.
0.
0.
0.
0.
O.
0.
0.
0.
O.
O.
0.
O.
O.
0.
0.
O.
0.
0.
0.
0.
O.
O.
O.
O.
0.
0.
0.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.
0.

J
0.93969
0.93969
0.93969
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
098306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.,98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306

K

D.

0.

0.
-0.18329
-%.18329
-0.18329
-0.18329
-0.18329
-0.18329
-N.18329
-0,18329
-0.,18329
-0018329
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
~-0.18329
“0018329
-0.18329
-0.18329
-0.18329
-0.18329
-N.18329
-0.18329
-0.18329
‘0.18329
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
~-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329

ELEM MIDPOINT IN
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
5.6940
5.6940
546940
T.0520
69520
6.8520
6.7520
6.6520
65520
6.4520
6.3520
6+2520
6.1520
6.0520
5.9850
5.8520
6.9520
6.8520
6.7520
66520
65520
6.4520
6.3520C
642520
6.1520
6.0520
5.9520
6.8520
6.7520
6.6520
65520
6+4520
6.3520
6.2520
6.1520
6.0520
6.7520
6.6520
645520
6.4520
6.3520
6.2520C
6.1520
6.7520
6.6520
6.5520
6.,4520

Y
0.9560
0.9560
0.9560
0.9810
0.9810
D.981N
D.9810
0.9810
0.9810
0.9810
0.9810
0.9819
0.98190
0.9R10
0.98190
0.9810
0.99990
0.9990
0.9990
0.9990
0.9990
0.9990
0.9990
D.9990
0.9990
0.9990
D.9990
1.7170
1.0170
1.0170
l1.0170C
1.0170
1.0170
1.0170
1.017Nn
1.0170
1.N350
1.0350
1.0350
1.0350
1.0350
1.035n
1.0250
1.0540
1.0540
1.0540
1.0540

33-39

METERS

A
-1.5140
~-1.6140
-1.6900
-1.6920
-1.692n
-1.6920
-1.6920
~146920
—106920
-1.6920
-1.,€920
_106020
-1.692N
-1.6920
”105940
-105940
‘1.5940
-105940
‘1.5°4”
-1.594ﬂ
‘1.5940
-1.5940
‘1.5940
°104960
‘1.4960
-1.4960
-1.4960
-104960
-104960
'1.4960
-104960
-1.4960
-103980
_103980
-1.3980
-1.3980
‘1.3980
-10398ﬂ
-1.3980
-1.3n00
-1.300N0
'1.3”00
-1.3000



Cum,
ELEM
NO o

1834
1835
1836
1837
1838
1839
1840
1841
1842
1843
1844
1845
1846
1847
1848
1849
1850
1851
1852
1853
1854
1855
1856
1857
1858
1859
1860
1861
1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
18756
1877
1878
1879
1880

ELEM SUR.
NO. NO.
45 49
46 49
4T 49
48 49
49 4SS
50 49
51 49
52 49
53 49
54 49
55 49
56 46
1 50
2 50
3 50
4 50
5 50
6 50
T 5S¢
8 50
9 50
10 50
11 50
12 50
13 s¢C
14 50
15 50
16 50
17 SO
18 50
19 50
20 50
21 50
22 5S¢
23 50
24 50
25 50
26 50
21 S0
1 51
2 51
3 51
4 51
5 51
6 51
7 51
8 51

AREA
SQ. METERS

0.0100000
0.0100000
0.0053000
0.0077000
0.0100000
0.0100000
0.0100000
0.0077000
0.0102000
0.0100000
0.0102000
0.0304000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0076400
0.0100000
0.0100000
C.0100000
0.0100000
C.0100000
0.0100000
C.0100000
C.0100000
C«0076400
0.0126400
0.0126400
0.0126400
0.0126400
0.0126400
00126400
0.0126400
0.0126400
0.0096570
0.0108556
0.0108556
0.0108556
0.0108556
0.0108556
0.0108556
0.0108556
0.0108556

TABLE 1

DIRECTION COSINES

0.
0.
0.
0.
0.
0.
0.
0.
o.
0.
0.
0.
0.
0.
0.
O.
0.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
o.
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.
0. 34202
0.34202
0.34202
0.34202
0.34202
0.34202
0.34202
0.34202

J
0.,98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.98306
0.

O.
0.
0.
O.
O.
0.
0.
0.
0.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.93969
0.93969
0.93969
0.93969
0.93969
0.93969
0.93969
0.93969

K
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
-0.18329
‘0.18329
-0.18329
-1,00000
-1,00000
-1.00000
-1,00000
-1.00000
-1,00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.,00000
-1,00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.00000
-1.,00000
-1.,00000
-1.00000
-1.00000
-1.00000
-1.00000

0.
O.
0.
Oe
0.
De.
Oe
0.

ELEM MIDPOINT IN
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
6.3520
6.2520
641520
6.6520
6.5520
6.,4520
6.3520
6.2520
6.5520
64520
6.3520
644520
7.8875
7.8875
T.8875
T.8875
7.8875
T.8875
T.8875
T7.8875
T7.8875
7.7875
T.7875
T.7875
7.7875
T.7875
T.7875
T.7875
7.7875
7.7875
T.6743
Te6T43
Te6T743
Te6743
Te6743
T.6T743
Te6743
Te6743
Te6T43
T7.0440
T .0440
T7.0440
T.0440
T.0440
T7.0440
T.0440
7.0440

Y
1.0540
1.0540
1.0540
1.0720
1.0720
1.0720
1.0720
1.0720
1.0900
1.0900
1.0900
1.1080

-0.3882
'002882
-0.1882
-0.0882
0.0118
0.1118
0.2118
0.3118
0.4000
-0.3882
-0.2882
-0.,1882
-0,0882
0.0118
0.1118
0.2118
0.3118
0.4000
-0.3882
-0.2882
‘001882
-0,0882
0.0118
0.1118
0.2118
0.3118
0.4000
09560
0.9560
0.9560
0.9560
0.9560
0.9560
0.9560
0.9560

33-40
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4
-1.,3000
-1.3000
-1.3000
-1.2020
-1.2020
-1.2020
-1.2020
-1.2020
-101040
‘101040
-1.1040
-1.0060
‘0.8636
-0.,8636
-008636
-0.8636
'0.8636
-008636
-0.8636
-0.8636
-0.8636
-0.,8636
-0.8636
-0.8636
-N.8636
-0.8636
-0.8636
’008636
-0.8636
‘0.8636
‘0.8636
-N.,8636
-0.8636
-008636
-0.8636
~-0.8636
-0.8636
-0.8636
-0.8636
-049140
-1001‘0
-101140
”102140
-1.3140
-104140
-1.5140
~1.6140




Cum,
ELEM
NO.

1881
1882
18813
1884
1885
1885
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1501
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927

ELEM SUR,
NO. NO.
S 51
10 51
11 51
12 51
13 51
14 51
15 51
16 51
17 51
18 51
19 51
20 51
21 51
22 51
23 51
24 51
25 51
26 51
271 51
28 51
1 52
2 52
3 52
4 52
5 52
6 52
T 52
8 52
9 52
10 52
11 52
12 52
13 52
14 52
15 s2
16 52
17 52
18 52
19 52
20 52
21 52
22 52
23 52
24 52
25 52
26 52
2T 52

AREA
SQ.METERS

0.0N55364
0.0108556
0.0108556
0.01CES556
0.0108556
C.0108556
0.0108556
0.0100957
0.01C8556
0.0108556
0.0108556
0.01085%6
C.0134609
0.0108556
0.0108556
0.0108556
0.005G7C6
0.0108556
0.0094444
N.0033110
0.014C700
0,0015500
0.0140700
0.0140700
0.0185700
0.014C700
0.0140700
0.0140700
0.0140700
0.0140700
0.0078800
0. 0140700
0.0140700
C.N140700
0.0140700
C.0140700
0.014(C700
0.0140700
0.0111100
0.0035200
0.0035200
0.0035200
0.0035200
0.003520C0
0.0035200
0.0035200
0.0035200

TABLE 11

DIRECTION COSINES

I
0. 34202
0.34202
0.34202
0.34202
0.34202
0.34202
0034202
0.34202
Ce 34202
0634202
0. 34202
0. 34202
0.34202
0.34202
0.34202
0.34202
0.34202
0.34202
0.34202
0.34202
0.72084
0.72084
0. 72084
0.,72084
0.72084
0.72084
0.72084
0.72084
0.72084
0.72084
0.72084
0.72084
0.72084
0.72084
0.72084
0.72084
0.72084
0.72084
0.72084
0. 72084
0.72084
0,72084
0.72084%
0.72084
0.72084%
0.72084
0.72084

J
093969
0. 93969
0.93969
0.,93969
0.93969
0.93969
0.93969
0.93969
0e93969
0.93969
0493969
0.93969
0. 93969
0.93969
0.93969
0.93969
0.93969
0.93969
0.93969
0.93969
0.69310
0.69310
0.69310
N.69310
0.69310
N.69310
0.69310
0.69310
0,69310
0.69310
0.69310
0.69310
0.69210
0.69310
0.69310
0.69310
0.69310
0.69310
0.69310
0.69310
0.69310
0.69310
0.69310
0.69310
0.69310
0.69310
0.69310

0.
0.
Oe
D.
0.
Ce.
0.

0o
0.
0.
0.
0.
0.
0.
O.
0.
D.

0.
O.
0.
C.
0.
0.
0.
0.

0.
0.
D.
O
n.
Oe.
0.
0.
D.
0.
0.
0.
0.
0.
0.

0.
0.
0.

ELEM MIDPOINT IN METERS
IF SHADOWABLE
VEHICLE COORDINATE SYSTEM

X
T.0440
69440
6.9440
6.9440
69440
649440
6 49440
6.9440
6.8440
6.8440
6.8440
6.8440
6.8440
6.7440
647440
6.7440
6.T7440
6.6440
6.6440
6.5630
T.4690
T.4690
7+3690
T.3690
T.3690
T+2690
Te2699
72690
7.2690
T.2690
742690
T.1690
T.1690
T.1690
71690
T+.1690
T.1690
T«1690
T.1690
7.1060
7.1060
T.1060
T.1060
7.1060
T.1060
T.1060
T.1060

Y
0.956N
0.9980
0.9980
0.9989
0.9980
0.9980
0.9980
0.9980
1.0400
1.0400
1.0400
1.0400
1.0400
1.0830
1.0830
1.,0830
1.0830
1.1250
1.1250
1.1590
0.5636
0.5636
0.6626
0.6626
Ne6626
N.T616€
N.7616
0.7616
0.7616
0.7616
ND.7616
0.8606
0.8606
0.8606
0.8606
0.8606
0.8606
0.8606
0.8606
0.3236
0.9236
0.9236
0.9236
0.9236
0.9236
0,9236
0.9236

33-k1

z
-1.69”0
-0.914N
-1.C1490
'1.1140
-1.2140
-103140
’1.414“
-1.5100
‘0.0140
-1.0140
'101140
’1.2140
-1.3260
-009140
-100140
-1.1140
-1.1920
-0,9140
-1.0080
’0.88Q0
-0.9140
‘0.9695
°009140
-100140
-1.1300
—0.9140
-100140
-101490
-1.2140
-103140
‘1.3920
-009140
-1.0140
-1.1140
-1.2140
-1.3140
‘1.4140
-1.5140
—1.6040
-Ne914n
‘1 .0140
‘1.1140
-102140
-1.3140
-104140
'1.5140
-106140



CuM,
ELEM
NO.

1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1639
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1655
1956
1957
1958
1959
19690
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974

ELEM SUR.
NO. NO.
28 52
1 52
1 54
2 54
3 54
4 54
5 54
6 54
7 54
8 54
9 54
10 54
11 54
12 54
13 54
14 54
15 54
16 54
17 54
18 54
19 54
20 54
21 54
22 54
23 54
24 54
25 54
26 54
27 54
28 54
29 54
30 54
31 54
32 5S4
33 54
34 5S4
35 54
36 54
37 54
38 54
39 54
40 54
41 S4
42 54
43 54
44 54
1 55

AREA
SQ.METERS

0.0041900
0.3395000
0.0100000
0.0100000
0.0100000
0,0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
0.0100000
N.0100000
0.01000060
0.0052400
0.0086710
0.0086710
0.0086710
0.0086710
0.0086710
0.0086710
0.0086710
0.0086710
0.0086710
0.0086710
0.0086710
0.0086710
0.0086710
0.0086710
0,0045400
0.0100524
0.0100524
0.0100524
0.0116608
0.0115603
0.0115603
0.0115603

0.0115603.

0.0115603
0.0115603
0.0115603
0.0115603
0.0115603
0.0108667
0.6029000

TABLE I1I

DIRECTION COSINES

I
0.72084
0. 96593
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934
0.1093¢
0.10934
0.10934
0.10934
0.10934
0.1093¢
0.10934
0.10934
0.10934
0.1093¢4
0.10934
0.10934
0.1093¢
0.10934
0.10934
0.1093¢4
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934
0.1093¢
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934
0.10934
0.

J
0.69310
0.
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0,99400
0.,99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0499400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400
0.99400

-0.93178 -0.36303

K
0.
-0.25882
0.
0.
0.
0.
0.
0,
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.
O
O.
0.
0.
0.
0.
0.
0.
De.
0.
0.
O.
o.
O.
O.
0.
O.
0.
0.
0.
0.

ELEM MIDPOINT IN METERS

IF SHADOWABLE

VEHICLE COORDINATE SYSTEM

X
7.1060

T.7478
T.T478
T.7478
T.7478
T.T478
T.T478
TeT478
T.T478
T.7478
T.T478
T.7478
TeT478
T.7478
T.T478
TeT7478
Te6545
T.6545
T.6545
Te6545
T.6545
T.6545
T.6545
T «6545
T.6545
Te6545
T.6545
7.6545
T.6545
T«6545
Te6545
T.9630
T.9630
T.9630
T.9630
T.8555
T7.8555
7.8555
T.8555
T.8555
T.8555
7.8555
T.8555
T.8555
T7.8555

Y z
0.9236 -1.7240
0.291C 2.1400
0.2910 2.0400
0.2910 1.9400
0.2910 1.8400
0.2910 1.7400
0.2910 1.6400
0.2910 1.5400
0.2910 1.4400
0.2910 1.3400
0.2910 1.2400
0.2910 1.1400
0.,2910 1.0400
0.2910 0,9400
0.2910 0.8400
0.2910 0,7640
0.3030 2,1400
0.3030 2.0400
0.3030 1.9400
0.3030 11,8400
0.3030 1.7400
0.3030 1.6400
0.3030 11,5400
0.3030 1.4400
0.3030 1.3400
0.3030 1.2400
0.3030 1.1400
0.3030 1.0400
0.3030 00,9400
0.3030 0.8400
0.3030 0,7640
0.2670 0.,9450
02670 1.N450
0.2670 1.1450
0,2670 11,2530
0,2790 0,.7870
02790 0.8870
0.2790 0,.,9870
0.,2790 11,0870
0.2790 1.1870
0.,2790 11,2870
0.2790 1.3870
0.,2790 1.4870
0.2790 1.5870
0.2790 11,6840
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CuM,
ELEM
NQO.

1975
1975
1977
1578
1979
1989
1981
1982
1983
1684
1985
198¢
1987
1988
1989
1990
1991
1992
1993
1994
1995
1995
1997
1698
1999
2009
2001
2002
2003
2004
2005
2006
2007
20108
2009
2010
2011
2012
2013
2014
2015
2016
2N17
2018
2015
2020
2021

ELEM
NO.

QO NOVMEDWNE=E DO NEWNI GO NN D WN M e st s

e e e
ODOdOOTNMPWIV—O

N
oMW -~O

SUR,
NQO.

56
57
58
59
59
59
59
59
59
56
59
59
60
60
6C
60
60
60
60
60
6C
€l
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
62
62
62
62
62
62

AREA
SQ.METERS

0.4503000
1.2200000
0.1510000
0.1135000
0.1135000
N,1135000
0.1135000
0.1135000
0.,1135000
0.1135000
0.1135000
0.1135000
0.1135000
0.1135000
0.1135000
0.,1135000
0.1135000
0.1135000
0.1135000
0.1135000
0.1135000
0.1552000
0.,1952000
0.1952000
0.,1952000
N0.1952000
0.1952000
0.1564000
0.1564000
0.1564000
0.1652000
0.1952000
0.1652000
0.1952000
0.1552000
0.,1652000
0.1652000
0.1952000
0. 1952000
C.1952000
0.2098000
N.1552C00
0.1952000
0.1952000
0.1952000
0.1952000
0.1652000

TABLE I1

DIRECTION COSINES

1
O.

-00 96593
O.
0.99619
0496593
0.90631
0.8191°%
0.70711
0.57358
0.42262
0.25882
0.08716
0.99619
0.96593
0.,90631
0.81915
0.70711
0.57358
0.42262
0.25882
0.08716

-0.76604

-00 866 03

-0.93969

-00 98481

-1.N00000

-0.98481

-0.93969

~0. 86603

-0, 76604

-0.64279

-0.50000

-0.34202

-0.17365
O.
0.17365
0.34202
0. 500C0
0. 64219
0. 76604
0.87250
0, 95293
0.99110
0. 99916
0.97686
0.92488
N. 84480

J
-0.93146
0.25882
0.
-0.08716
-0.25882
-0.42262
-0.57358
-0.70711
-0.81915
-0.90631
~0.96593
-0.99619
0.,08716
0.25882
0042262
0.57358
0.70711
0.81915
0. 90631
0.96593
0.99619
-0.64279
-0.50000
‘00 34202
-0.17365
O.
0.17365
0.34202
0.50000
0.64279
0.76604
0. 86603
0.93969
0.98481
1.00000
0.98481
0.93969
0.865603
Ne 76604
0.64279
0.48862
N0.30320
0.13312
-N,04100
-0,21388
-0.38026
-0.53509

ELEM MIDPOINT IN METERS
IF SHADOWABLE

VEHICLE COORDINATE SYSTEM
K X Y z
0.36385
0.
1.00000
Co.
O.
0.
0.
0.
C.
0.
o.
0.
0.
0.
0.
0.
0.
Ne
0.
0.
0.
0.
0.
0.
0.
0.
0.
Cc.
0.
O.
0.
0.
0.
0.
0.
O.
0.
0.
0.
0.
De
O.
0.
0.
0.
C.
O.
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TABLE I1

CUM. ELEM SUR.  AREA DIRECTION COSINES ELEM MIDPOINT IN METERS
ELEM NO. NO. SQ.METERS IF SHADOWABLE

NO. VEHICLE COORDINATE SYSTEM

1 J X Y ?

2022 7 62 0.,1952000 0.73904 -0.67366 0.

2023 8 62 0,1368000 0.61084 -0,79176 O.

2024 9 62 0,0969000 0.46407 -0.88580 0.

2025 10 62 0,0616000 0030320 -0.95293 0.

2026 11 62 0,0445000 0.13312 -0.,99110 O.

2027 12 €2 0.0353000 -0.04100 -0.99916 0.

2028 13 62 0.0399000 -0.21388 -0.97686 0.

2029 14 62 0,0502000 -0.38026 -0.92488 0.

2030 15 62 0,0787000 -0.53509 -0,84480 O.

2031 16 62 0,1174000 -0.67366 -0.73904 0.

2032 17 62 0.1952000 -0.79176 -0.61084 O.

2033 18 62 0,1952000 -0.88580 -0.46407 O,

2034 19 62 0.1952000 -0.95293 -0.30320 O.

2035 20 &2 0.1952000 -0.99110 -0.13312 0.

2036 21 62 0.1952000 -0.99916 0.04100 O.

2037 22 62 0.,1578000 -0.98347 0.18109 0.

2038 1 €3 0.,0066500 0.95341 -0.30168 O. 7.5874 -0,3755 1.7243
2039 2 63 0,0066500 0.9534]1 -0.30168 0. 7.5874 -0.3755 1.6243
2040 3 63 0.,0066500 0.95341 -0.30168 0. 7.5874 -0.3755 1.5243
2041 4 63 0,0066500 0.9534]1 -0.30168 O, 7.5874 -0.3755 1.4243
2042 5 63 0,0066500 0,95341 -0.30168 0. 7.5874 -0.3755 1.3243
2043 6 63 0.,0066500 0.95341 -0.30168 O. 7.5874 043755 1.2243
2044 7 63 0.0066500 0,95341 -0.30168 0. 7.5874 -0.3755 1.1243
2045 8 63 0,0066500 0.95341 -0.30168 0. 7.5874 -0.3755 1.0243
2046 9 63 0.0066500 0.95341 -0.30168 0. 7.5874 ~0.3755 0.9243
2047 10 63 0.0091300 0.95341 -0.30168 0. 7.5874 -0.3755 0.8057
2048 11 63 0.0135200 0.90631 ~0.42262 0. 7.5288 -0.5260 1.6677
2049 12 63 0.0135200 0.90631 -0.42262 0. 7.5288 -0.5260 1.5677
2050 13 63 0.,0135200 0.90631 -0.42262 O, 7.5288 -0.5260 1.4677
2051 14 63 0,0135200 0.90631 -0.42262 0. 7.5288 ~0.5260 13677
2052 15 63 0.0135200 0.90631 -0.42262 0. 7.5288 -0.5260 1.2677
2053 16 63 0.0135200 0090631 -0.42262 O, 7.5288 -0.5260 1.1677
2054 17 63 0.0135200 0.90631 —0.42262 0. 7.5288 ~0.5260 1.0677
2055 18 63 0.0135200 0.90631 -0.42262 O, 7.5288 -0.5260 0.9677
2056 19 63 0.0135200 0.90631 -0.42262 0. 7.5288 -0.5260 0.8677
2057 20 63 0.0109100 0.90631 -0.42262 O. 7.5288 —-0.5260 0,7774
2058 21 63 0.,0135200 0.81915 -0.57358 0. 7.4203 -0.7139 1.5609
2059 22 63 0.0135200 0.81915 -0.57358 0. 744203 -0.7139 1.4609
2060 23 63 0,0135200 0.81915 -0.57358 0. 7.4203 -0.7139 1.3609
2061 24 63 0.0135200 0.81915 -0.57358 O, 7.4203 -0.7139 1.2609
2062 25 63 0.0135200 0.81915 -0.57358 O, 7.4203 -0.7139 1.1609
2063 26 63 0,0135200 0.81915 -0.57358 o0, 7.4203 -0.7139 1.0609
2064 27 63 0,0135200 0.81915 -0.57358 o0, 7.4203 -0.7139 0.9609
2065 28 63 0.0135200 0.81915 -0.57358 o0, 7.4203 -0.7139 0.8609
2066 29 63 0.0099900 0.81915 -0.57358 0O, 7.4203 =0.7139 0.7740
2067 30 63 0.0135200 0.70711 -0.70711 o, 7.2809 -0.8801 1.4282
2068 31 63 0,0135200 0.70711 -0.70711 o, 7.2809 -0.8801 1.3282
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CuM,
ELEM
NO.

2069
2079
2071
2072
2073
2074
2075
2076
2077
2078
2073
2080
2081
2082
2083
2N84
2085
2086
2087
2088
2089
2090
2091
2092
2093
2094
2095
2096
2097
2098
2099
2100
2101
2102
2103
2104
2105
2106
2107
2108
2109
2110
2111
2112
2113
2114
2115

ELEM
NO.

22
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
51
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78

SUR,
NO.

63
63
63
63
63
63
63
63
63
62
63
63
63
63
63
63
63
63
63
63
63
63
€3
63
63
63
63
63
63
€3
63
63
63
63
63
63
63
63
63
63
63
63
62
63
63
63
€3

AREA
SQ.METERS

0.N135200
0.0135200
0.0135200
0.0125200
0.0190900
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.,0109000
0.Nn135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0099000
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0121900
0.0135200
0.0135200
0.0135200
0.0135200
0.N135200
0.013520C0
0.0135200
0.0135200
0.0152500
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0156400
0.0135200
0.0135200

TABLE II

DIRECTION COSINES

I
0.70711
0.70711
0.70711
0,70711
0.70711
0.57358
0.57358
0.57358
0.57358
0.57358
0.57358
0. 42262
0.42262
0.42262
0.42262
0.42262
0.42262
0.42262
0.25882
0.25882
0.25882
0.25882
0.25882
0.25882
0.25882
0.25882
0.08716
0.08716
0.08716
0.N8716
0.08716
0.C8716
0.08716
0, 08716
0.08716

-0.08716
-0.,08716
-0.08716
-0.08716
-0.08716
-0.08716
-0.08716
-0.08716
-0, 08716
~-0. 08716
-0.25882
-0.25882

J
-0,70711
-N.T70711
-0.70711
-N.7NT11
-0.70711
-0. 81915
-0.81915
"O. 81915
-0.,81915
-0« 81915
-0.90631
-0. 90631
-0.90631
-0.90631
-00 90631
-0,90631
‘0. 90631
-0.96593
-0.96593
-0496593
-0.96593
-0,96593
-0.96593
~-0.96593
"0. 96593
-0.99619
-0.99619
~0.99619
~-0.99619
-0.99619
-O. 996 19
-0.99619
-0499619
-0.996 19
'Oo 996 19
-0,99619
-Oo 996 19
-0,99619
-0,99619
-0,99619
-0,99619
-0.99619
-0.96593
-0,96593

0.
0.
De
0.
0.
0.
0.
0,
Ce.

0.
0.
0.
O.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
0.
0.
0.
0.
0.
0.
De
0.
0.
0.
0.
0.
0.
O.

0.
0.
0.
D.

ELEM MIDPOINT IN METERS

IF SHADOWASBLE

VEHICLE COORDINATE SYSTEM

X
7.2809
T.2809
T7.2809
7.2809
7.2809
T.1147
Tella?
Tall4a?
Tella7
Tella?
Tell47
6.9268
6.9268
6.9268
69268
6.9268
6.9268
6.9268
6.7229
6.7229
6.7229
6.7229
6.7229
6.7229
647229
6.7229
6.5093
6.5093
6.5093
645093
6.5093
6.5093
6.5093
6.5093
6.5093
6.2923
602923
642922
6.2923
6.2923
6.2923
6.2923
6.2923
62923
6.2923
6.,0787
6.0787

Y
-0.8801
~-0.88921
-0.,880n1
-0.8801

-0.8801"

-1.0193
-1.0193
-1 00193
-1.0193
-1.0193
-100193
-1.1280
-101280
‘1.1280
"1.1280
_101280
’1.1280
-1.2022
-1.2022
-1.2022
-1,2022
~-1.2022
-1.,2022
-1.2022
-1.2022
’1.2399
-102%99
—102399
"1.2399
"102399
’1.2399
-102399
‘1.2399
—102399
—1.23@9
-1.2399
‘102399
‘1.2399
-102399
‘1.2399
-102399
'102399
—1.2399
-1.2399
-1.2022
-1.20n22

33-h5

z
1.2282
1.,1282
1.0282
N,5282
0.8076
1.2676
1.1676
1.0676
0.9676
N,BETSH
0.7773
1.3602
1.2602
1.1602
1,0602
N.9602
0.8602
07736
1.4772
1.3772
1,2772
1.1772
1.0772
N,9772
0.8772
0.7821
1.5998
1.4998
1.3998
1,2998
1.1998
1.0998
0.9998
0.8998
0.7924
1.7027
1.6027
1.5027
1.4027
1.3027
1.2027
1.1027
1.0027
N.9027
0.7948
1.7027
1.6027



CUM.
ELEM
NO,

2116
2117
2118
2119
2120
2121
2122
2123
2124
2125
2125
2127
2128
21259
2130
2131
2132
2133
2134
2135
2136
2137
2138
2139
2140
2141

2142
2143
2144
2145
2146
2147

21418
2149
2150
2151

2152

2153

2154
2155
2156
2157

2158

2159

216N

2161

21€¢2

ELEM SUR.
NO. NO.

79
80
81
82
83
84
85
86
87
88
89 63
90 63
91 63
92 63
93 63
94 63
95 63
96 63
97 63
98 63
99 63
100 63
101 €3
102 63
103 63
104 63
105 63
106 63
107 63
108 63
109 63
1190 63
111 63
112 63
113 63
114 63
115 63
116 63
117 63
118 63
119 63
120 63
121 63
122 63
123 63
124 63
125 63

63
63
63
63
63
63
63
63
63
63

AREA
SQ.METERS

0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0156400
0.0135200
0.,0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0156400
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0156400
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
N.0156400
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.,0135200
0.0135200
0.0135200
0.0135200

TABLE 11

DIRECTION COSINES

I
-0.25882
-0.25882
-0.,25882
-0.,25882
-0.,25882
-0.25882
-0.25882
-0.25882
~-0.42262
-~0.42262
-0.42262
-0.42262
-0.42262
-0.42262
-0.42262
~0.42262
-0.42262
-0.42262
-0.57358
-0.,57358
-0.57358
-0,57358
-0.57358
~-0.57358
-0.57358
-0.57358
-0.57358
‘0.57358
-0.70711
-0.70711
-0.70711
-0.,70711
-0.70711
-0.70711
-0.70711
-0.,70711
-0.70711
-0.,70711
-0.81915
-0.81915
~0.81915
-0. 81 91 5
-0.81915
-0.81915
-0.81915
~-0.81915
-0.81915

J
-0.96593
-0.96593
-0.96593
-0.96593
-0.96593
~0.96593
-0.96593
-0.96593
-0.90631
-0.90631
-0.90631
-0,90631
‘0090631
-0,90631
-0,90631
-0.90631
~0,90631
-0.,90631
-0.81915
-0.81915
-0,81915
-0081915
-0.81915
-0.81915
-0.81915
-0.81915
-C.81915
-0.,81915
-0,70711
-0.70711
'0.70711
-0.70711
-0070711
-0.70711
-0.70711
-0.70711
‘0.70711
-0.57358
-0.57358
-0.57358
-0.57358
-0.57358
-0.57358
-0.57358
-0.57358
-0,57358

0.
O.

0.
0.
0.
0.
O.
0.

0.
0.

0.
Oe

0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
O.
0.
0.
0.
0.
0.
0.

0.
0.
Oe
0.
0.
C.

0.
O.
0.
O.
0.

ELEM MIDPOINT IN METERS

IF SHADOWABLE

VEHICLE COORDINATE SYSTEM

X
6.0787
6.0787
6.,0787
6.0787
6.0787
6.0787
6.0787
6.0787
5.8748
5.8748
S.8748
5.8748
5.8748
5.8748
5.8748
5.8748
5.8748
5.8748
5.6869
5.6869
5.6869
5.6869
5.6869
S.6869
5.6869
5.6869
5.6869
5.6869
55207
545207
565207
5.5207
5.5207
55207
5.5207
5.5207
5.5207
5.5207
5.3813
5.3813
5.3813
5.3813
5.3813
5.3813
5.3813
5.3813
5S.3813

Y
~1.2022
-1.2022
-102022
‘102022
‘102022
‘1.2022
-1,2022
-1.,2022
-1.1280
-1.1280
-1.1280
-1.1280
'10‘280
-101280
-1.1280
'101280
-1.1280
‘1.1280
-100195
-1.0195
-100195
-100195
-1.0195
-1.,0195
-100195
-1.,0195
-1.0195
'1.0195
-0.8801
-0.8801
-0.8801
‘008801
-0.8801
-0.8801
-0.8801
-0.8801
-0.8801
-0.8801
-007139
‘0.7139
—007139
-0.,7139
‘007139
-0.7139
-0.7139
-0.7139
-0.7129

33-46

z
1.5027
1.4027
1.3027
1.2027
l.1027
1.,0027
0.9027
0.7948
1.7027
1.6027
1.5027
1.4027
1.3027
1.2027
1.1027
1.0027
0.9027
0.7948
1.7027
1.6027
1.5027
1.4027
1.3027
1.2027
1.1027
1.0027
0.9027
0.7948
1l.7027
1.6027
1.5027
1.4027
1.3027
1,2027
1.1027
1.0027
0.9027
0.7948
1.7027
1.6027
1.5027
1,4027
1.3027
1.2027
1.1027
1.,0027
0.9027



Cum,
ELEM
NO.

2163
2164
2165
2166
2167
2168
21¢€9
2170
2171
2172
2173
2174
2175
2176
2177
2178
2179
2180
2181
2182
2183
2184
2185
2186
2187
2188
2189
2190
2191
2192
2193
2194
2195
2196
2197
2198
2199
2200
2201
2202
2203
2204
2205
2206
2207
2208
2209

ELEM SUR.
NO. NO.
126 63
127 63
128 63
129 63
130 63
131 63
132 63
133 63
134 63
135 63
136 63
137 63
138 63
139 63
140 €3
141 63
142 63
143 63
l44 63
145 63
146 63
147 632
148 63
149 63
150 63
151 63
152 63
153 63
154 63
155 63
156 63
157 63
158 €3
159 63
160 63
161 63
162 63
163 63
164 63
165 63
166 63
167 63
168 63
169 63
179 63
171 63
172 63

AREA
SQ.METERS

0.015£400
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
c.0135200C
0.0135200
0.0135200
0.0135200
0.N156400
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.N156400
0.0125200
0.0135200
0.0135200
0.,0135200
0.0135200
N0.0135200
0.0135200
0.0135200
0.01352n0
0.0156400
N.0125200
0.0135200
0.0135200
0.0135200
0.0135200
N.0135200
0.0135200
0.0135200
0.0135200
0.0156400
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200

TABLE II

DIRECTION COSINES

I
-0.81915
°0090631
'0090631
~0.90631
-0090631
-0690631
-0.90631
-0490631
‘0090631
-0.90631
-0.90631
-0.96593
°0.96593
-0.96593
-0e96593
-0e 96593
‘0096593
-0e 96593
-0.96593
-0.96593
-0.96593
-0.99619
-0.99619
~-0.99619
-009961q
-0.99619
-0.,99619
-C.99¢19
-0.99619
-0.99619
-0.99619
-0.99619
-0.99619
-0099619
-0.,99619
-0.59619
-0.99619
-0.99619
-0,99619
-0,99619
‘0099617
-0.,96593
-0696593
-0.96593
'0-96593
~0e 96593
-0096593

J
-0.57358
-0.,42262
-0.,42262
~0.42262
~0.,42262
-0e42262
~0e42262
‘0.42262
~0,42262
-0.42262
‘0.25882
~0.25882
-0.25882
-0.25882
-0,25882
-0.,25882
-0.25882
‘0.25882
-0.25882
‘0.25882
-0,08716
-0,08716
-0.08716
-0.08716
-0.08715%
‘0008716
-0.08716
-0.08716
-0,08716
-0.08716

N.08716
0.08716
0.08716
0.08716
0.08716
0.0871%6
D.08716
0.08716
0.08716
0.08746
0.25882
0.25882
N.25882
0.25882
0.25882
N.25882

0.
0.
O
0.
0.
0.
0.
0.
0.
0.
0.
C.
0.
0.
0.
C.
0.
O.
D.
C.
O.
0.
D.
0.
Co.
0.

De
0.
0.
Ce
0.

0.
Ce.
0.
Oe
Oe
O
De.
0.
0.
O.
0.
0.
0.
0.

ELEM MIDPOINT IN METERS

IF SHADOWABLE

VEHICLE COORDINATE SYSTEM

X
5.3813
542729
5.2729
5.2729
542729
562729
52729
52729
52729
5.2729
562729
5.1986
5.1986
5.1986
5.198¢
5.1986
5.1986
5.1986
S.1986
5.1986
541986
5.1609
5.1609
51609
5.1609
5.1609
5.1609
5.1609
5.1609
5.1609
51609
5.1609
51609
5.1609
5.1609
5.1609
5.1609
5.1609
5.1609
5.1609
5.1609
5.1986
5.1986
5.1986
5.1986
5.1986
51986

Y
-0.7139
-005260
-0.5260
-005260
-0.5260
-0.5260
—005260
-0.5260
-0.5260
‘0.5260
-0.5260
-0.3221
-0.3221
-0.3221
—003221
-003221
-0.3221
-0.3221
-0.3221
-0.3221
-Ne3221
-0.1085
-0.1085
-0.1085
-0.,1085
-0.1085
-0.1085
-001085
'0.1”85
-0.1085
-0.1085

0.1085
0.1085
0.1085
0.1085
0.1085
0.1085
0.1085
0.,1085
0.1085
0.1085
0.3221
N,3221
0.3221
0.3221
0.3221
0.3221

33

z
N, 7948
1.7027
1.6C27
1.5027
1.4027
1.3027
1.2027
1.1027
1.,0027
0.9027
0.7948
1.7027
1.6027
1.5027
1.4027
1.3027
1.2027
1.1027
1.0027
N.9027
0.7948
1.7n27
1.6027
1.5027
1.4027
1.3027
1.2027
1.1027
1.0027
0.9027
N.7948
1.7027
1.6027
1.5027
1.4027
1.3n27
1.2027
1.1027
1.0027
0.9027
0.7948
1.7027
l.6027
1.5027
1.4027
1.3027
1.2027



CUM,
ELEM
NG.

22190
2211
2212
2213
2214
2215
2216
2217
2218
2219
2220
2221
2222
2223
2224
2225
2226
2227
2228
2229
2230
2231
2232
2233
2234
2235
2236
2237
2238
2239
2240
2241
2242
2243
2244
2245
2246
2247
2248
2249
2250
2251
2252
2253
2254
2255
2256

ELEM SUR,
NO. NO.
173 €3
174 63
175 €3
176 63
177 63
178 €3
179 63
180 ¢3
181 63
182 63
183 63
184 63
185 63
186 63
187 632
188 63
189 63
190 63
191 63
192 63
193 63
194 63
195 63
196 63
197 63
198 €3
199 63
200 63
201 63
202 63
203 63
204 63
205 63
206 63
207 63
208 63
209 €3
210 63
211 63
212 63
213 63
214 63
215 63
216 63
217 63
218 63
219 63

AREA
SQ.METERS

N.0135200
0.0135200
0.0135200
0.,0156400
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0156400
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0156400
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0156400
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0135200
0.0156400
0.0135200
0.0135200
0.0135200

TABLE 11

DIRECTION COSINES

I
- 0696593
-0.96593
-0. 96593
-0s 96593
-0.90631
-0,90631
-0.,90631
'0. 90631
-0.90631
-0.90631
-0. 90631
-0.90631
~0. 90631
-0.90631
-0.81915
-0.81915
-0.81915
-0.81915
~0.81915
-0.81915
-0.81915
-0. 81915
-0.81915
-0. 7071 1
-0.70711
-0.70711
-0.70711
-0.70711
-0.70711
-0.70711
-0.70711
"0. 70711
-0.70711
-0.57358
-0.57358
-0.57358
-0.57358
-0.57358
~0.57358
-0.57358
-0.57358
-0.57358
-0.57358
-0.42262
-0.42262
-0.,42262

J
0.25882
0.25882
0.25882
0.25882
0.42262
0.42262
0.42262
0.42262
0.42262
0.42262
0.42262
0.42262
0.42262
0.42262
0.57358
0.57358
0.57358
0.57358
0.57358
0.57358
0.57358
0.57358
0.57358
0.57358
0.70711
0.70711
0.70711
0.70711
0.70711
0.70711
0.70711
0.70711
0.70711
0.70711
0.81915
0.81915
0.81915
0.81915
0.81915
0.81915
0.81915
0.81915
0.81915
0.81915
0.90631
0.90631
0.90631

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
Oe
0.
0.
0.
De
0.
0.
0.
O.
0.
O.
Oe.
0.
Oe
0.
0.
0.
0.
0.
0.

ELEM MIDPOINT IN METERS

IF SHADOWABLE
VEHICLE COOR

X
5.1986
5.1986
5.1986
5.1986
5.2729
5.2729
52729
5.2729
5.2729
5.2729
52729
5.2729
5.2729
5.2729
5.3813
5.3813
5.3813
5.3813
5.3813
5.3813
5.3813
5.3813
5.3813
5.3813
5.5207
55207
5.5207
55207
5.5207
55207
55207
55207
55207
5.5207
5.6869
5.6869
5.6869
5.6869
5.6869
5.6869
5.6869
5.6869
5.6869
5.6869
S.8748
5.8748
5.8748

0.3221
0.3221
0.3221
0.3221
0.5260
0.5260
0.5260
0.5260
0.5260
0.5260
0.5260
0.5260
0.5260
05260
0.7139
0.7139
0.7139
0.7139
0.7139
0.7139
0.7139
0.7139
0.7139
0.7139
0.8801
0.8801
0.8801
0.8801
0.8801
0.8801
0.8801
0.8801
0.8801
0.8801
1.0195
1.0195
1.0185
1.0195
1.0195
1.0195
1.0195
1.0195
1.0195%
1.0195
1.1280
l1.1280
1.1280

33-48

ODINATE SYSTEM
Y z

l1.1027
1.0027
0.9027
0.7948
1.7027
1.6027
1.5027
1.,4027
1.3027
1.2027
1.1027
1.0027
0.9027
047948
1.7027
1.6027
1.5027
1.4027
1.3027
1.2027
1.1027
1.0027
0.9027
N.T7948
1.7027
1.6027
1.,5027
1.4027
1.3027
1.2027
1.1027
1.0027
0.9027
0.7948
1.7027
1.6027
1.5027
1.4027
1.3027
1.2027
1.1027
1.0027
N.9N027
0.7948
1.7027
1.6027
1.5027



TABLE I1I

CUM, ELEM SUR, AREA DIRECTION COSINES ELEM MIDPOINT IN METERS
ELEM NO. NO. SQ.METERS IF SHADOWABLE

NO. VEHICLE COORDINATE SYSTEM

I J X Y 1

2257 220 63 0,0135200 -0.42262 0,90631 0, 5.8748 1.1280 11,4027
2258 221 63 0,0135200 -0.42262 (.90631 O, 5.8748 1.1280 11,3027
2259 222 62 0,0135200 -0.42262 0.90631 0. 58748 1.1280 1,2027
2260 223 62 0.,0135200 -0.42262 0.90631 O, 5.8748 1.1280 1.1027
2261 224 62 0,0135200 -0,42262 0.90631 0N, 5.8748 11,1280 11,0027
2262 225 63 0,0135200 -0,42262 0.90631 0, 58748 1.1280 N,9027
2263 226 63 0.0156400 -0.42262 0.90631 O, 58748 1,1280 N,7948
2264 227 63 0,0135200 -0.25882 0.96593 0, 6.0787 1.2022 1l.7027
2265 228 63 0,0125200 -0.258B2 0.96593 0, 6.0787 1.2022 1.,6027
2265 229 63 0.0135200 -0.25882 0.96593 0. 66,0787 1.2022 1.5027
2267 230 63 0.,0135200 -0,25882 0.96593 0. 60787 1.2022 1.4027
2268 231 63 0.N7135200 -0.25882 0.96593 0. 5.,078T7T 1.2022 1.3027
2269 232 63 0.,N135200 -0.25882 0.96593 0O, 6.0787 1.2022 11,2027
2270 233 63 0,0135200 -0.25882 0.96593 0. 6.0787 1.2022 1.,1027
2271 234 63 0,0135200 -0.25882 0.96593 0, 6.0787 1.2022 11,0027
2272 235 63 0N.,0135200 -0.25882 0.96593 O. 6.0787 1.,2022 00,9027
22713 236 63 0,0156400 -0,25882 0.96593 0. 6.0787 1.2022 N.7948
2274 237 63 0.N0135200 -0.08716 0.99619 0. 642923 1.2399 11,7027
2275 238 63 0,.,0135200 -0.08716 0.99619 0. 62923 1.2399 11,7027
2276 239 63 0.0135200 -0.0871¢& 0.99619 0. 642923 1.2399 1.5027
2277 240 63 0.0135200 -0.08716 0.99619 O, 62922 1.2399 11,4027
2278 241 63 0,0135200 -0,08716 0.99619 0. 642923 1.2399 1.3027
2279 242 63 0.0135200 -0.08716 0.99619 0, 602923 1.2399 1.2027
2280 243 63 0.0135200 -0,N8716 0.99619 0, 642923 1.2399 11,1027
2281 244 63 0.,N135200 -0,08716 0,99619 0. 6.2923 1.2399 11,0027
22R2 245 62 0.0135200 -0.08716 0.99619 O, 6.2923 11,2399 0,9n27
2284 247 63 0.0135200 0.08716 0.99619 0. 6.5093 1.2399 1.5998
2285 248 63 0.,0135200 0.08716 0.99619 0. 6.5093 1,2399 1.4998
2286 249 63 0,0135200 0.08716 0,99519 0. 6.5093 1,2399 11,3998
2287 250 62 0.0135200 0.08716 0.99519 0. 645093 1,2399 11,2998
22883 251 63 0,0135200 0.08716 0.99619 O, 6.5093 1.2399 11,1998
2289 252 63 0.,0135200 0.08716 0499619 OC. 65093 1.2399 11,0998
22997 253 63 0.0135200 0.08716 0N.99619 O, 6.5093 1.,2399 Nn,9998
2291 254 63 0.,0135200 0.08716 0.99619 O. 6.5093 1.2399 n,B89¢%8
2292 255 63 0.0152500 0.08716 0.99619 0. 645093 1.2399 00,7934
2293 256 63 (0.0135200 0.25882 0.96593 0O, 6.7229 1.2022 1.4772
2294 257 62 0.0135200 0.25882 0.96593 0, 667229 1.2022 1.3772
2295 258 63 0.0135200 0.25882 0,96593 0. 67229 1.2022 11,2772
2296 259 63 0.,0135200 0,25882 0.96593 0. 667229 1,2022 1.1772
2297 260 63 0,0135200 0.25882 0.96593 0O, 6.7229 1.,2022 1.0772
2298 261 63 0.0135200 0.25882 0.96593 0. 6.T7229 1.2022 00,9772
2299 262 63 0,0135200 0.25882 0.96593 0, 5.T229 1,2022 N.8772
2300 263 63 0.2121900 0,25882 0.96593 0. 647229 1.2022 (.7821
2301 264 63 0.,0135200 0042262 0690631 O, 6.9268 1.128N 1.2602
2302 265 63 0.0135200 0.42262 0.90631 0. 69268 1.1280 1.26N2
2303 266 63 0.,0135200 0.42262 0n,90631 0. 6.9268 1.1280 1.16M2
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TABLE II

CUM. ELEM SUR. AREA DIRECTION COSINES ELEM MIDPOINT IN METERS
ELEM NO. NO. SQ.METERS IF SHADOWABLE

NG, VEHICLE COORDINATE SYSTEM

I J X Y 14

2304 267 63 0.0135200 0.42262 0.90631 0. 6.9268 1,1280 11,0602
2305 268 63 0.0135200 0.42262 0.90631 0. 6.9268 1.,1280 0.9602
2306 269 63 0.0135200 0.42262 0.90631 O, 6.9268 1.1280 0.8602
2307 270 63 0.,0099000 0.42262 0.90631 0. 6.9268 1.,1280 0.7736
2308 271 63 0.0135200 0.57358 0.81915 0. Tell47 140195 1.2676
2309 2712 63 0.0135200 0,.57358 0.81915 0. 7.1147 1.0195 1.16756
231n 273 63 0.0135200 0.57358 0.81915 0. 7.1147 1.0195 1.0676
2311 274 63 0.0135200 0.57358 0.81915 0. T.1147 11,0195 0.9676
2312 275 63 0.0135200 0.57358 0.81915 0. 7.1147 1.0195 0.8676
2313 276 63 0.,0109000 0.57358 0.81915 O. T.1147 1,0195 0.7773
2314 277 63 0.0135200 0.70711 0.70711 0. 7.2809 0.8801 11,4282
2315 278 63 0,0135200 0.70711 0.70711 O, 7.2809 0.8801 1.3282
2316 279 63 0.0135200 O0.70711 0.70711 O, 7.2809 0.8801 1.2282
2217 280 63 0.0135200 0.70711 0.70711 O. 7.2809 0.8801 1.1282
2318 281 63 0.0135200 O0,70711 0.70711 0. 7.2809 0.8801 1.0282
2319 282 63 0.0135200 O0,70711 O0.70711 O. 7.2809 0.8801 0.9282
2320 283 63 0.0190900 0.70711 0.70711 O. 7.2809 0.8801 0.8076
2321 284 63 0.0135200 0.81915 0.57358 O. Te4203 0.7139 1.5609
2322 285 63 0.0135200 0.81915 (0.57358 O, Te4203 0.7139 11,4609
2323 286 63 0.,0135200 0.81915 0.57358 O. T.4203 0,7139 1.3609
2324 287 63 0.0135200 0.81915 0.57358 0. 7.4203 067139 1.2609
2325 288 63 0.0135200 0.81915 0.57358 O. 7.4203 0.7139 1.1609
2326 289 62 0.0135200 0.81915 0.57358 0. 7.4203 0.7139 1.0609
2327 290 63 0.0135200 0.81915 0.57358 0. T.4203 0.7139 0.9609
2328 291 63 0.,0135200 0.81915 0.57358 0. T.4203 0.,7139 0.8609
2329 292 63 0.0099900 0.81915 0.57358 O. T.4203 0.7139 0.7740
2330 293 63 0.0135200 0090631 0.42262 O. 7.5288 0.5260 1.6677
2331 294 63 0.0135200 0.90631 0.42262 0. 75288 0.5260 1.5677
2332 295 €3 0.0135200 0.90631 0.42262 0. 75288 045260 1.4677
2333 296 63 0.0135200 0.90631 0.42262 0. 7.5288 05260 1.3677
2334 297 63 0.0135200 0.90631 0.42262 0. 7.5288 0,5260 1.2677
2335 298 63 0.0135200 0.90631 0.42262 0. 7.5288 0.5260 1.1677
2336 299 63 0.0135200 0.90631 0.42262 0. T.5288 00,5260 1.0677
2337 300 63 0.0135200 0.90631 0.42262 0. T.5288 0.5260 00,9677
2338 301 62 0.0135200 0.,90631 0.42262 0. T.5288 0.5260 0.,8677
2339 302 63 0.0109100 0.90631 0.42262 0. T.5288 0.5260 00,7774
2340 303 63 0.0066500 0.95341 0.30168 0. 7.5874 0.3755 11,7243
2341 304 63 0.0066500 0.95341 0.30168 O, T7.5874 063755 11,6243
2342 305 63 0.0066500 0.95341 0,30168 O, T.58T74 03755 11,5243
2343 306 632 0.0066500 0.95341 0.30168 0. 75874 063755 1.4243
2344 307 63 0.0066500 0.95341 0.30168 0. T.58T4 063755 1.3243
2345 308 63 0.,0066500 0.95341 0,30168 O, Te5874 063755 11,2243
2346 309 63 0.0066500 0.95341 0.30168 O, T«5874 0.,3755 11,1243
2347 310 63 0.0066500 0.95341 0.30168 0. 7.5874 063755 11,0243
2348 311 62 0.0066500 0.95341 0.30168 0. 7.5874 0.3755 0,9243
2349 312 63 0.0091300 0.95341 0.30168 O, T.5874 0.3755 0,8057
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TABLE III

SHADOWER CESCRIPTION

AREA

Ce5c63

Ve 73284

Ue45 48

0o 5¢£063

Oe 7409

0et548

2elbée

CeC¢E2

Ue 2105

0.21C5

Lo}
[ ]
'
o
-~
ol

DIRECTION COSINES

I

J

K

-004379 ‘0.8990 ‘00

Oe 7c5S

0.G94C

De437C

-Co7659

-00 094(C

De

000959

~06 CGES

-J0el9c8

Oe€43C

De99EE

-Ce 89S0

Oe 6430

0e GG506

-1,0000

0096954

Ue 9954

Ce 9812

‘O.

-Da

O.

Oe.

Co

1.000C

Ce

Ce

CORNER
X

6a4516
T+0929
740929
be&516
70929
70325
Te611l1
Teblla
76111
Te611l
Te696<
Te7978
Be 0447
79375
6e4516
T7.0329
70929
be451¢
T.0929
T.092%
Te€lll
Teb61lll
Te6111
Tetlll
Te6962
77978
e 0447
709375
664385
be 4386
77851
77851
79375
T«6050
te44CO
Te9375
643300
502984
52984
Teb9€2
te330C
5e 298¢
5.2984
Teb69€2
be451¢€
5¢BTEC
548750
Ee4516

COORDINATES
Y z
le244¢ CaTZé€F
0e9322 0073266
0e9322 143081
le244> 11,7527
065322 CoT36€6
045322 13018
03150 240040
003150 Ce7266
Ce315C CoT366
Ce3u50 21890
Caz2C69 2018€0
0e2573 2.00¢¢
02740 102254
OecB4c Ce 7T2€06
—lelt4t CaT366
-Ce%9222 Co736¢
-0e49222 1e3081
-locd4é 147527
~—0eG222 0Qa73¢€
~0eG322 103C81
=-0e3150 ZeC040
'003150 007366
~Ue315C 0De736é
-0.315C 2.1890
-OQEqu 2.1890
~CecS72 20006¢€
‘002740 102254
—0e2B47 QoT26E
-1e3715 Q67366
-1e3716 —-(CaB8&36
-1e3716 -0,8€3¢
-1.3716 Cae7366
-Ce3150 Qe73¢¢
043150 Ca726¢
=143710 Ce7366
=1e3710 Go726¢€
Oe4€70 1a7527
Ce5C04 ie7527
Oe5¢€E4 1.8228
0e3356 201890
—Ce&€TO 1a7527
~0e5¢6& 1a7527
_0055é4 108228
~0ez256 201890
le264ec  DaT726€
1el313 0Q.73¢¢
les313 1,7827
le2445 167527
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TABLE I1I

SHADOWER DESCRIPTION

AREA

0e8202

0e5671

0e 8202

Oe 9€62

142456

06 8G02

Ce 5761

1.8125

0e.2830

1.0206

0.5761

0.2830

DIRECTION COSINES

I
0. 6598

0elGc8

-0e 65998

Ce

-1. 0000

O.

-0.3892

‘Oo

~-0,7038

De 43238

0e 3892

0.7038

J
’0.7143

0.9812

-0e7143

O.

0e9c12

-Oo

Oe 7104

0. 9010

00,9212

0.7104

K
-0e

Oe

‘100000

1.0000

1.0000

O.

De

Oe

CORNER
X

5.8750
5.8750
52984
5.2984
644516
58750
58750
64516
58750
58750
52984
502984
749375
76050
604400
Te9375
6.4389
64386
604389
644389
7.9380
T«4890
69560
64520
T«9380
T+ 0940
740940
65330
65330
643540
644900
6e4640
S¢426C
50920
52280
75190
70940
70940
6645330
645330
54190
5¢4190
T.0940
70940
665330
65330
745190
T7.094C
70940

COORDINATES
Y z
le1313 0607366
lel1313 17527
0e5664 147527
0e5664 047366
-le2446 0673E¢
-1e1313 00,7366
-1.1313 1l.7527
~1le2446 147527
-1.1313 0.726¢
-1.1313 1.7527
'0.5664 1.7527
~0e.5664 0,136¢
0e3150 047366
043150 0Q.7366
13710 O0.7366
1le3710 047366
-1e¢3716 0473€6
-1e3716 -0.8636
-2¢1500 -0.86Z¢
-241500 067366
~Ce4280 -0,8€40
-044358C -048640
-009440 -0.8640
-1le3720 -Ge 8640
-1¢3720 -0.8640
-049350 -Ce8€40
-049350 -1.8100
-1641720 -1.8100
-11720 -0,8640
-Ze2240 -0.8640
-1.8100 -0,8640
‘0.9350 -0.8640
-046080 -0,8640
-148100 ~0,8640
-242240 -048840
-0.5140 -0.8640
-0693250 -1.8100
-049350 ~0.8€40
'101720 ’0.8640
-1.1720 -1.8100
-0.6356 -le56€85
-0e6356 —-(G48636
0.9350 -008640
069350 -1.8100
141720 -1.81C0
161720 -0e8640
065140 -C,B8¢40
0Ce9250 -1a8100
0e9250 -0,86L0
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TABLE 111

SHADOWER DESCRIPTION

AREA

1.0c0€ -004Z38 (C,9010

0e88G4

13379

Ve 0726

Ce5146

UeS5C81

le52€5

(o)
L ]
o]
O
[
[\N]

Je 8064

le€6599

4e1C61

I

l.

0e 5481 0.83€4

Oe

-Oo

-0

_Oe

0o

DIRECTION COSINES

J

0000 -0

-Oo

Oe

S1<1 -0

O.

=0

-0

O.

K
=0

Ce

~-1.0000

1.0000

~10000

Ue4099

-1.0CCC

-1,0000

-100000

“100000

CORNER
X

665330
£45330
504190
504150
504161
541691
564191
564191
664900
64900
57910
57910
502984
5365%
53655
542984
57442
be4516€
6e4516
59812
565107
57442
504161
Selc7E
561275
55107
7.0942
700942
Te5194
765194
Te938C
Te4d90
€eG56C
be4520
T«S380
be451€
52984
500950
508420
604390
Ce4907
6e3140
52680
50930
563200
664400
TeS375
Te937E
te4400

COORDINATES
Y z
1e1720 -GeRE40
1.1720 -108100
006356 -105685
Ce€356 -0o8636€
006309 ‘008636
-Ceb6209 -CeBE26
-006309 —105685
0e6350G ~1e56R5
13720 Co7370
163720 -0.Bé€40
1l.8300 -Ca8640
18300 0Ce737C
Ce5407 -048640
005407 -008640
—Ce5407 -0o.8640
=065407 -0e8640
Ce94461 -048640
162058 -0,8640
le25G4 -0e8640
18029 -~0q.8640
1le82G68 -048640
0e9441 -0638£40
065407 -0e8640
134937 -068640
18298 -04864C
1.8298 ‘008640
Ue9t48 -108058
-Ce9248 -1.806G8
-0e©194 -0.8636
Ce514l ~CeB63¢
Co438D _008640
Ca&380 -0e8&40
009440 ‘008640
1le3720 -0e 8640
1¢3720 -0e8640
163716 067370
CGe5564 0,73270
141510 Go 7270
1le8277 Ga73270
-142440 Q(e.7370
~1e8100 (e7370
—22730 067370
—Z2e2T720 (a73270
‘1.8100 0-7370
—Geb1l70C Qe7zZ70
162710 (a73¢6
Le3T710 CoT73266
-143710 GCeT7366€
162710 CoT3¢¢

34-3



SECTION 5
BIDIRECTIONAL REFLECTANCE OF LEM ASSOCIATED MATERIALS

This section contains a listing in Table IV of the bidirectional
reflectance of the primary surface coating of the IEM. This coating
was supplied to GD/C by NASA/MSC and measurements were made by personnel
of the Radiation Properties Section of the Space Science Iaboratory of
GD/Convair. Originally 6 coatings were to have been measured, but due
to difficulties associated with design changes in the ILEM surface thermal
coatings, these additional coatings were not available. The bidirectional
reflectance of materials is discussed in reference 8 and in Section 2.2
of this report. PFigure 3 of this report defines the angles associated
with bidirectional reflectance. These angles are §, 6', and ¢'. The
angles marked with the primes refer to the reflected beam and g referes
to the entering beam. @ and @’ are angles measured from the normal to
the reflecting surface and ¢’ is measured as an azimuthal angle in the
surface from the projection of the entering beam as a line out to the
surface. This is possible only when the surface has no preferential
directional characteristics in the azimuthal sense, such as striations,
brush strokes, grooves etc. It seems to be true of the sample supplied.
The TDM makes use of the bidirectional data of Table IV by use of linear
table look-up procedures.

The bidirectional data listed here is within the reference frame of
the GD/C reflectometer. 1In collecting the LEM data ¢ was set to 2700.
¢ defines the azimuthal angle of the entering beam from some arbitrary
line within the reflecting surface as established by the orientation of
the sample relative to the bidirectional reflectometer. The ¢’ data
listed below is in the same instrument reference frame. Within the TDM
subroutine all ¢’ data has been translated to a reference frame based on
®, so that 270O are subtracted from the ¢’ data below in the data compiled
within the TDM subroutine. This LEM reflectivity data, together with LEM
geometric data, is introduced into computer memory from a magnetic tape,
which is created by auxiliary program 3960A.
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Bl UIRECTIONAL DATA

THETA=

THETA
PRIME

o0

Qe

O

Ue

O

Je

Ue

Ue

Ue

Oe

Ue

Ue
15.0
15.0
15.0
15.0
15.0
15.0
15.U
15.0
15.0
15.0
15.0
i5.0
25.U
25.0
25.0
2540
€9V
25.U
2940
€50
2540
€S5eU
2S5.U
eSeU
35.0
354
35.0
3540
35U
35.0
350
39eu
3540
3540
35.0
354U

0.0

PHI= 2700
PHI BI DIR.,
PRIME FUNCTION
¢70.,00 1.9363
280.08 1.9363
300.24 le9363
320,06 1.9363
339.84 1.9363
0.0 1.9363
20.16 1.9363
39.96 1.9363
60.12 1.9363
70.20 1.9363
80.2686 1.9363
90,00 1.9363
270,00 1.3386
280.08 1.3386
300.24 1.3386
352004 1l.3386
339.84 1.3386
O 1.3386
20416 1.3386
39.96 1.3386
60.12 1.3366
70.20 1.,5386
80.28 1.3386
90,00 1.3386
270.00 09538
280.08 049538
30U.24 0.9538
320,04 0.9538
339.84 09538
Ue 0.9538
cel.l6 0.9538
39,96 0.9538
6l.l12 «9538
7020 09538
80.28 09538
90,00 0.9538
270.00 0.6406
280.08 0.0406
30024 D.0406
J20.04 O.0406
3539.84 O.6406
Le0 D.0406
20.16 0.6406
39.96 0.0406
60.12 D.04006
70.20 0.0406
80«28 0+.0406
90.00 O0.04006



BI DIRECTIONAL DATA

THETA=

THETA
PRIME
4SeU
45,0
45.0
45.0
45.0
45.0
45.0
45.u
45.0
45.0
45,0
45.0
55.V
55.0
55.0
55.0
55.0
55.0
55.0
55.u
55.U
55.0
55,0
55.0
65.0
65.0
65.0
5.0
65.0
5.0
65.0
65.0
65.0
6.0
5.0
©6S.U
790
7540
75U
7540
7540
75U
7940
75.0
75%.0
750U
7560
7%.0

0.0

PHI= 270.U
PHI BI DIR.
PRIME FUNCTION
270.00 0.4330
280,08 0.4330
300.24 0.4330
320.04 0.4330
339.84 0.4330
0.0 0.4330
20.16 0.4330
39.96 0.4330
60.12 0.4330
70.20 04330
80.28 0.4330
90.00 0.4330
270.00 0.3096
280.08 0.3096
300.24 0.3096
320.04 0.3096
339.84 0.3096
0.0 0.3096
20.16 0.3096
39.96 0.3096
60.12 0.3096
70.20 0.3096
80.28 0.3096
90.00 03096
270.00 0.2407
280.08 0.2407
300.24 0.2407
320,04 0.2407
339.84 0.2407
0.0 0.2407
c0.16 0.2407
39.96 02407
60.12 0.2407
70.20 O0ec407
80.28 Oec407
90,00 0.2407
270.00 1718
280.08 1718
300.24 1718
320,04 1718
339.84 «1718
0.0 1718
cu.16 1718
39.96 01718
6U.12 1718
70.20 1718
80.28 1718
90.00 1718




Bl DIRECTIONAL DATA
5.0 PHI= 270.0V

THETA=

THETA
PRIME

ol

O.

0.

Qe

O

O

Oe

0.

Uoe

O

O

Ue
15.0
1540
15.0
15.0
1540
15.0
15.0
15.0
15.u0
15.0
15.0
15.0
25.0
2540
25.0
£5.0
25.0
25.0
254U
25.0
25.0
25.0
25.U
25.0
3540
35.V
35.0
35.v
35.U
3560
35U
35.0
35.0
35.0
350
35.0

PHI
PRIME

270.00
280.08
300.24
520,04
339.84
0.0
20.16
39.96
60.12
70.20
80.28
90.00
270.00
280.08
300.24
320,04
339.84
0.0
2l.16
39.96
60.12
70.20
80.28
90.00
270.00
280.08
300.24
320,04
339.84
O.
20.16
39.96
60.12
70.20
80.28
90.00
270,00
280.08
300.24
320.04
339.84
0.
20.16
39.96
60.12
70.20
80.28
90,00

81 DIR.
FUNCTION

1.6954
1.8954
1.8954
1.8954
1.8954
1.8954
1.8954
1.8954
1.8954
1.8954%
1.8954
1.8954
1.0914
1.0973
1.1192
1.1606
1.2195
1.2979
1.3852
1.4739
1.5393
1.5576
1.5758
15774
0.7266
0.7289
0.7436
0.7830

« 8366
09129
1.0109
1.1043
1.1823
1.2074
1.2249
1.2325
0.4789
0«4776

4897

0177

« 5589
Ue0l45

«6838

e7541

8215
0.8385
0.8581
0.80636



BI DIRECTIONAL DATA
THETAZ 5.0 PHIZ= 270.0

THETA PHI BI DIR.
PRIME PRIME FUNCTION

45.0 270.00 0.3248
45.0 280.08 0.32u1
45.0 300.24 0.3316

45.,0 320,04 3482
45.0 339.84 0.3751
45.0 0. Del4171
45,0 2U0.16 4665
45.0 39,96 5216
45.0 60.12 « 5604
45.0 70.20 045796
45.0 80.28 e 5945
45.0 390.00 0.5927

55.0 270.00 0.2344
55.0 280,08 0.2358
55.0 300,24 0.2415
55.u0 320.04 0.2522

55.0 339.84 2715
55.0 0. 0.2988
55.0 20.16 « 3351
55.0 39.96 « 3684
95.0 60.12 4011
55.0 70.20 -e4119
55.0 60.28 Oekl69
55.0 90.00 0.4188

65.0 270.00 0.1925
65.0 280.08 0.1894
65.0 300.24 0.1928
65.0 320.04 0.2010
©65.0 339.84 0.2120

65.0 O. 0.2322
©65.0 e0.16 «2575
©5.0 39.96 «2840
65.0 60.12 0.3066
©5.0 70.20 3148
65.0 80.28 3181
65.0 90.00 0.3185
75V 270.00 1506
750 280,08 «1873
75.0 S00.24% wll4l
75.0 320,04 1407
75.0 339.84 1374
75.0 6.0 1656
7540 20.16 «1807
7540 39.96 «1958
7540 60.12 «2109
75.0 70.20 02133
75.0 60.28 2157
7540 90.00 2182

3G-k




Bl DIKECTIONAL DATA
PHI= 270.0

THETA= 15.0

THETA
PRIME

U
Ue
U
Ue
Ue
e
Ue
V.
Ue
Ve
(VI
O

15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15,0
15.u
2540
25.0
25.0
25.0
5.0
2540
25.0
€5el
25.0
25.0
25.0
254U
35.0
3540
35,0
35.u
35U
35e.u
35.0
359V
35.0
3540
350
3560

PHI
PRIME

270.00
280,08
300.24
320,04
339.84
0.0
20.16
39.96
60.12
70.20
80.26
90.00
270,00
280.08
300.24
320.04
339.84
Ge
2l.16
39.96
60.12
70.20
80.28
90.00
¢70.00
c80.08
J0U.24
320,04
339.84
0.0
20.16
39.96
60.12
70.20
60.28
90.00
270.00
280.08
300.24
520.04
339.84
O
c0.16
39.96
6l0.12
70.20
60.28
90.00

BI DIR.
FUNCTION

1.3346
1,3346
1.3346
1.3346
1.3346
l.33406
1.33u46
1,3346
1,3346
1.33u46
1.3346
1.3346
0.0000

«6200
06956
O.8l157
0.9434
1.0831
1.2753
1.4835
1.6779
1.735%6
1.7950
1.6156
De4943

4962
0.5184

«5640

«56525

7923
09933
1.2535
1.5126
1.6318
1.6977
1.7244
0.3258
0.3246
063374
03759
0e4369
D.5476

e 7153
0.9306
l1.1816
1.2922
1.3579
1.5883



B] DIRECTIONAL DATA

THETAZ

THETA
PRIME

45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
55.0
55.0
95.0
55.0
55.0
55.0
55.0
95.0
55.0
55.0
55.0
55.0
©5.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
75.0
7540
7540
75.0
7540

15.0

PHI= 270.0
PHI Bl DIR.
PRIME FUNCTION
270,00 0.2284
280,08 2264
300,24 0.2362
320.04 22601
339.84 0.3034
0. 03796
20,16 0.5002
39.96 0.6607
60,12 0.8598
70.20 0.9414
80.28 «9886
90,00 1.0192
270,00 0.1719
280,08 0.1713
300.24 «1798
320,04 e1968
339,84 « 2276
0. 02796
20,16 e 3633
39,96 0.4780
60.12 6166
70.20 . +6754
80,28 7175
90.00 0.7278
270,00 0.1478
280,08 Dell443
300.24 1494
320.04 1615
339.84 0.1837
0.0 2216
20,16 0.2798
39,96 ¢ 3655
60.12 0.4637
70.20 « 5064
80.28 05337
90.00 0.5424
270,00 01237
280.08 ol21li
300.24 +il191
320,04 1168
339.84 1145
0.0 «1650
204,16 2128
3996 «2606
60.12 13083
70.20 « 3280
80.28 e 3477
90.00 03673



BI DIRECTIONAL DATA

THETA= 25.0

THETA
PRIML

coccocCceo
®a o o o & o

ccCcccoccco

[
w
.

C

15.0

-
[$4]
L J
c

15.0
15.U
15.0
15.u
15.0
15.v
15.0
15.0
15.v
25.u
5.0
25.0
€540
25.0
25.0
254U
25.U
25.0
25.0
25.0
25.u
35.U
35eU
3540
35U
35eu
35.0
35.0
35U
35.0
35.u
354U
35.0

PHI= 270.v

PHI BI DIR.
PRIME FUNCTION
270.00 1.0007
280.08 1.,0007
300.24 1.0007
320,04 1.0007
339.84 1.0007
V.0 1.,0007
20.16 1.,0007
39.96 1.0007
60,12 1.0007
70.20 1,0007
80.28 1.0007
90.00 1.0007
270.00 O.4943
260.08 4962
300.24 0.5184
320.04 0.5508
339,84 0.0671
Ve 0.8080
20.16 1.0079
39.96 1.2454
60.12 1.,4940
70.20 1.5942
80.28 1.0664
90,00 1.6988
270.00 043650
280,08 3650
300.24 0.38G0
320,04 0.4100
339,84 04734
0. 0.0109
20.16 e 8369
39.96 161747
60.12 100287
70.20 1.8416
60.28 1,9826
90,00 2.0335
270,00 O.2444
280,08 0.2372
300.24 0.2450
320.04 D.2748
339.84 3307
C. 0.4402
20.16 0.6441
39.96 09767
60.12 1.4863
70.20 1.7400
80.28 1,9328
90.00 2.0007



Bl DIRECTIONAL DATA

THETA= 25,0

THETA
PRIME

45,0
45.0
45.0
45,0
45.0
45,0
5.0
5.0
45.0
45.0
45.0
45.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
$5.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
6540
65.0
65.0
65.0
65.0
7540
75.0
75.0
75.0
75.0
75.0
75.0
750
75.0
75.0
750
75.0

PHI= 270.0
PHI BI DIR.
PRIME FUNCTION
270,00 0.1805
280,08 0.1746
300.24 0.1813
320,04 +1999
339.84 0.2415
0.0 « 3205
20.16 04734
39.96 7434
60.12 1.1848
70.20 1.4300
80.28 1.6025
90.00 1.6777
270,00 0.1366
280.08 01368
300.24 «1413
320.04 0.1560
339.84 «1839
0.0 02395
20.16 475
39,96 05519
60,12 «8863
70.20 1.0676
80.28 1.2140
90.00 1.2684
270,00 0.1213
280,08 0.,1210
300.24% «1235
320,04 «1341
339.84 01558
0. 0.1998
20.16 0.2836
39.96 4397
39.96 « 4397
60,12 6918
70.20 08323
80.28 09513
90.00 0.9839
270.00 «1060
280.08 01058
300.24% «1056
320.04 «1054
339.84 01052
0.0 01591
20.16 « 2759
39.96 03927
60.12 « 5094
70.20 5727
60.28 26360
90.00 « 6994




Bl CIRECTIONAL DATA

THETA=

THETA
PRIME

coccooccocoocCcc
® o o © & o o o o o o
occoccoccoccococcoc

O

35.0

PHI= 2700
PHI Bl DIR.
PRIME FUNCTION
70,00 0.06533
260.08 6533
300.24 «06533
320,04 6533
339,84 06533
0.0 0533
20.16 «6533
3996 6533
60.12 «06533
70.20 «6533
60.28 e0533
90.00 00533
¢70.,00 03295
280.08 « 3300
300.24 « 3531
320.04 + 5866
339.84 «4400
0. 0.5621
20.16 0.7115
39.96 0.9023
60.12 l.1189
70,20 1.2111
80.28 1.2732
90,00 1.2961
270,00 0.1902
260,08 «2100
300424 « 2470
320.04 2800
339,84 05327
O, O.4374
20.16 0.0308
39.96 09392
6lUe12 1.3971
70,20 1.6311
80.28 1.8073
90.00 l.8652
270,00 0.1693
280,08 01693
300.24% 0.1892
520404 2042
339.84 245y
O. 03337
20.16 0.5095
39.96 O.614
60.12 1.4788
70420 1.6728
80.28 21968
90.00 23182



Bl ODIRECTIONAL DATA

THETA=

THETA
PRIME

45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
95.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
6540
65.0
65.0
65.0
65.0
7.0
75.0
7540
75.0
75.0
75.0
75.0
75.0
75.0
75.0
7540
75.0

35.0

PHI= 270.0
PHI 81 DIR.
PRIME FUNCTION
270,00 0.1482
280,08 0.1450
300,24 «1458
320,04 1578
339.84 0.1870
0. 02526
20,16 043933
39,96 0.6976
60.12 1.3307
70.20 1.7866
80.28 2.1944
90,00 2.3570
270,00 0.1283
260,08 001240
300.24 0.1240
320.04 0.1321
339.84 061547
O, 0.2031
20.16 0.3096
39,96 0.5500
60.12 1.0999
70.20 1.4954
80.28 1.8637
90,00 2.0340
270,00 0O.1166
280,08 0.1130
300.24 0,1133
320.04 e1191
339.84 0.1364
O 0e1742
20.16 0.2558
39,96 0.8456
60,12 0.8764
70.20 1.2166
60.28 1.5353
90,00 1.6672
270,00 +» 1049
280.08 «1038
300.24 «1026
320,04 «1015
339.84 «1003
0.0 «1453
20.16 + 3145
39.96 4837
60,12 6529
70,20 8687
80.28 1.0845
90.00 1,3004

3¢-10



Bl DIRECTIONAL DATA

THETAZ 4%,0

THETA
PRIME

PRI= 270.0

PHI 81 DIR.
PRIME FUNCTION
270,00 0.4503
280.08 84503
300.24 4503
320,04 4503
339.84 4503
0.0 «4503
204,16 4503
39496 4503
60.12 4503
70.20 «4503
80.28 « 4503
90.00 04503
270.00 0.2376
28U.08 «2400
300.24 0+2514
320.04 0.2736
339.84 « 3150
O. 0.5919
cl.16 0.,4993
39,96 0.04930
6L.12 0.8085
70,20 0.8805
80.28 0+9219
90.00 0.9370
270.00 0.1855
280,08 «1857
300.24 0.1860
3¢0.04 «2050
339.84 2450
0. 0.3227
20.16 O.4642
39.96 0.7158
60.12 1.0934
70.20 1.,35037
80.28 1.4634
90.00 l1.5163
270.00 0.1925
280,08 «1600
300.24 «1450
320.04 «1500
339,84 01690
00 002557
20.16 0.3962
39,96 0.0903
ol.l2 1.3039
70,20 1.7342
$0.28 2.1050
90.00 2.2419

3-11



B1 DIRECTIONAL DATA

THETA=

THETA
PRIME

45.0
45,0
45.0
45.0
45.0
45.0
45.0
45.0
4540
45.0
45.0
45.0
55.0
55.0
55.0
55.0
S5.u
55.0
55.U
S5.0
55.0
55.0
55.0
55.0
65.0
65.0
65.0
65.0
65.0
5.0
©5.0
65.0
65.0
65.U0
65.0
650
7540
7540
75.0
75.0
75.0
75.0
7540
7540
7540
7540
75.0
75.0

45.0

PHI= 270.0

PHI Bl DIR,
PRIME FUNCTION
270.00 0.1508
280.08 «1500
300.24 «1450
320.04 0.1389
339.84 0.1596
0. 0.2109
20.16 0.3285
39.96 0.60u48
60.12 1.3239
70.20 1.9375
80.28 2.6053
90.00 2.8843
270,00 0.1441
280,08 0.1294
300.24 0.1220
320.04 1258
339,84 01404
O. 0.1767
20.16 0.2704
39.96 0.5061
60.12 1.1921
70.20 1.8515
80.28 240666
90.00 3.0867
270,00 0.1148
280,08 0.1136
300.24 0.1120
320.04 01125
339.84 0.1271
O. 041565
20.16 0.2320
39.96 0.4187
60.12 1.0110
70.20 l.6262
80.28 2.4247
90.00 2.8466
270.00 0.1364
280.08 0.1265
J00.24 0.1232
320,04 ol212
339.84 0.1280
0. 01527
20.16 0.2128
39.96 063663
60.48 0.8658
70.20 1.3877
80.28 201238
90,00 245224




Bl OIRECTIONAL DATA

THETAZ 5.0

) THETA
PRIvML

O
0.0
U«0
0.0
0.0
Oeu
0.0
0.0
0.0
0.0
0.0

0
15.0
15.0
15.,0
15.v
15.0
15.0
15.0
15.0
1%5.0
15.u
15.0
1%5.0
25.0
€HeU
2540
2540
2540
250U
250U
254y
5.0
25.U
254U
25.U
35.0
35.0
35.U
35.0
350
35.0
3540
35U
35,0
35.U
35.U
35.0

PHI= 270V

PHI Bl DIR.
PRIME FUNCTION
270,00 043356
280,08 03356
300.24 e 3356
320.04 « 3356
339.84% « 3356
0.0 « 3356
20.16 e 3356
39.96 « 33506
00.12 e 33%6
T0.20 e 3356
80.28 e 3356
90.00 03356
270,00 0.1837
2680.08 0.1853
300.24 O.1946
320.04 0.2136
339.84 2450
O. 03015
20.16 « 5820
39.96 486U
60.12 0.0010
70.20 .o 6485
80.28 0.6826
90.00 06950
270,00 0.1503
280,08 «1508
300.24 0.1518
320.04 «1600
339.84 « 2000
Q. 0.2590
2016 03726
39.96 5827
60.12 « 8530
70,20 1.0741
860.28 1.2192
90.00 l1.2684
270,00 0.1519
280.08 «1500
S00.24 1299
320,04 «1350
339.84 01550
O 02129
2U.10 0.3287
39.96 0.5727
60412 1.1032
70.20 l.4613
80.28 1.,7916
90.00 1.,9093

3 -13



Bl DIRECTIONAL DATA
THETA=

THETA
PRIME

45,0
45,0
45.0
45.0
45.0
45.0
45.0
k5.0
k5.0
45.0
45.0
45.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
$5.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
75.0
75.0
75.0
75.0
75.0
750
75.0
75.0
75.0
75.0
75.0
75.0

55.0

PHI= 270.0
PHI 81 DIR,
PRIME FUNCTION
270,00 0.1699
280,08 e 1450
300.24 «1150
320.04 «1150
339.84 041400
0.0 1824
20.16 0.2806
39.96 «5333
60.12 1.2176
70.20 l.8424
80.28 245799
90.00 28744
270,00 00960
280.08 « 0960
300.24 00990
320.04 001193
339.84 0¢1294
O g.1612
20.16 0.2423
39.96 0.4569
60.12 1.1503
70.20 2.1200
80.28 3+1599
30.00 3.7984
270,00 0.1523
280.08 0.1441
300.24 0.1295
320.04 0.1228
339.84 0.1270
0. O.1497
c0.16 0.2139
39.96 0.3943
60.12 1.0031
70.20 1.8015
80.28 3.2578
90.00 k.2806
270.00 0.1822
280.08 0.1687
300.24% 1546
320,04 1433
339.84 e l434
0. Oel7u4
20.16 0.2119
39.96 « 3514
60.12 0.8337
70.20 1.5232
80.28 2.9828
90.00 4.3085

3.1k



‘ THETA= 65.0

bl UIRECTIONAL DATA

PHI= 270.0

PHI 81 DIR.
PRIME FUNCTION
270,00 0.2558
280.08 +2558
300,24 «2558
320.04 02558
339.84 *2558
0.0 2558
20.16 2558
39.96 «2558
60.12 «2558
70.20 2558
80.28 «2558
90.00 02558
270.00 0.1539
280.08 0.1539
300.24 0.1582
320,04 0.1701
339.84 0.1929
0.0 22200
20.16 2843
39.90 03571
60.12 8432
70.20 0.4792
80.28 05057
90.00 0.5168
270.00 0.1300
280.08 0.1271
300.24 0.1301
320.04 «1406
339.84 «1650
O. 0.2009
20.16 0.2805
39.96 0.4135
6U.12 0.0245
70.20 0.7464
80.28 O0.8360
90.00 0.8739
276.00 0.1166
280.08 1159
300.24 0.1148
320.04 0.1212
339.84 «1350
O. 01745
20.16 «2553
39.96 4311
ov.12 0«8190
70.20 l.1214
80.28 1.3913
90.00 1.5145

3 -15



Bl DIRECTIONAL DATA

THETAZ 65,0

THETA
PRIME

45,V
45,0
45,0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
4S.0
45.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
55.0
65.u
65.0
65.0
65.0
65.U
5.0
65U
65.0U
65.0
65.0
65.0
65.0
75.uU
75.0
75.0
75.0
75.U
75.0
7540
75U
75.U
75.0
75.0
7540
7540

PHI= 270.0
PHI BI DIR,
PRIME FUNCTION
270,00 061374
280.08 «1310
300.24 0.1182
320.04 +1150
339.84 «1250
0. 0.1585
20.16 0.2287
39496 O.4136
60.12 +9593
70.20 1.5156
80.28 2.2247
90.00 2.6199
270,00 0.1531
280,08 01400
300.24 «1150
320.04 »1100
339.84 0.1286
0. 0.1490
20.16 0.2073
39.96 0.3727
60.12 0.9504
70.20 1.7476
80.28 3.2435
90.00 4.3207
270,00 0.1328
280.08 «1328
300.24 0.1328
320.40 0.1327
339.84 0.1362
0. 0.1507
cl.16 0+1990
39.96 0+3400
60.12 0.8761
70.20 1.7286
8V.28 4.1117
90.00 67912
270,00 0.2275
280.08 0.2174
300.24 0.1914
320.04 0.1756
339.84 0.1654
0. 0.1677
20.16 0.2028
39.96 0.3140
60.12 0.7516
70.20 1.4990
80.28 4.2426
90.00 9.7051
90.00 9.7054

31 ) - L"r
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C oA

¢ SYMBOLS, DEFINITIONS, UNITS

SUBROUTINE TDM (PROGRAM 3960)

ALL QUANTITIES ARE IN TERMS OF METERS AND RADIANSe UNLESS OTHERWISE IN-
DICATED,

ALL TARGET REFLECTOR ELEMENTS ARE GROUPED UNDER TARGET SURFACESe. AS SUCH
ALL REFLECTOR ELEMENTS OF A SURFACE ARE COATED WITH THE SAME MATERIAL
AND ARE POTENTIALLY SHADOWABLE BY THE SAME SET OF SHADOWERSe (NSH MAXe)

COORDINATE SYSTEMS

SCCSs SELENOCENTRIC COORDINATE SYSTEM= THE X AXIS POINTS IN THE DIREC-
ION OF THE VERNAL EQUINOXe THE Z AXIS IS PARALLEL TO THE AXIS OF
THE EARTH AND IS POSITIVE IN THE DIRECTION OF THE NORTH POLE,
THE Y AXIS FORMS A RIGHT HANDED SYSTEMe. THE ORIGIN IS AT THE
CENTER OF THE MOON.

SVPs SUB-VEHICLE POINT COORDINATE SYSTEM- THE Z AXIS POINTS AT THE
TARGET VEHICLEe. THE Y AXIS 1S IN THE X=Y PLANE OF THE SCCSe THE
X AXIS FORMS A RIGHT HANDED SYSTEM. THE ORIGIN 1S AT THE CENTER
OF THE MOON.

TVCS TARGET VEHICLE COORDINATE SYSTEM- SEE REFERENCE 7 AND FIGURE 2,
DICTIONARY
A AREA OF A MOON ELEMENT, THE DOUBLE AREA THAT A SHADOWER POLYGON

SUBTENDS AT A PARTICULAR POINT IN THE SHADOWER PLANE.

ALPHA THE PHASE ANGLE BETWEEN THE SUN AND THE TARGET AT THE CENTER OF
A PARTICULAR MOON ELEMENT (DEGREES)

ANGLE1 ONE HALF THE ANGLE SUBTENDED BY THE MOON ‘AT THE TARGET

B ILLUMINATION OF THE OBSERVER VEHICLE BY THE TARGET VEHICLE IN
LUMENS PER SQUARE FOOT

BPHPH1-6 SEE THE DICTIONARY FOR SUBROUTINE REFLEC

BTHPH1=6 SEE THE DICTIONARY FOR SUBROUTINE REFLEC

BURFH1~-6 SEE THE DICTIONARY FOR SUBROUTINE REFLEC

ComM3 UTILITY CELL

COMa UTILITY CELL

CORNER THE STRING OF CORNER NUMBERS FOR THE FIRST CORNERS OF ALL SHAD-
OWERS. THE LAST VALUE 1S ONE PLUS THE CORNER NUMBER OF THE LAST
CORNER OF THE LAST SHADOWER.

CORNF THE NUMBER OF THE FIRST CORNER OF A SHADOWER

CORNL THE NUMBER OF THE LAST CORNER OF A SHADOWER

cos1 =COS(ANGLE1)

Ccos2 THE COSINE OF THE ANGLE WHICH THE EARTH AND MOON SUBTEND AT THE
TARGET

Ccos3 THE COSINE OF THE ANGLE WHICH THE SUN AND MOON SUBTEND AT THE
TARGET

COSALF =COS(ALPHA)

COSPH! =COS(PHI) OR COS(PHIP)
COSTAU =COS(TAU)

COSTH =COS(THETA)

COSTHP =COS(THETAP)

Cw THE WIDTH OF A COLUMN ON THE MOON IN RADIANS

€ THE ITLLUMINANCE OF THE SUN AT THE CENTER OF THE MOON (L IGHT
WATT PER SQUARE METER)

EPOS THE EARTH VECTOR (SCCS)



EPOSX
FLUX

FRN

FS

H2
KOM]
KOM2
MAT
MATT
MSVP

MSVPTR
NC

NCOR
NMAT
NPHIP
NR
NRE
NS
NSH

NSHAD
NSPECF

NSURF
NTH
NTHP
oPOS
oPOSX
]

PHI

PHIP

Fl1
FHIPRM

THE EARTH VECTOR IN EARTH RADII (SCCS)

THE FACTOR INTRODUCED BY REFLECTION AT EACH LIGHT SOURCE (FLUX
IS 1 FOR THE SUNs)

A LIST OF THE FIRST REFLECTOR ELEMENTS FOR EACH SURFACE. THE
LAST VALUE 1S ONE PLUS THE NUMBER OF THE LAST REFLECTOR FOR THE
LAST SURFACE. -

THE NUMBER OF THE FIRST SOURCE. WHICH IS ILLUMINATED, WHICH

IS NOT ECLIPSED o AND WHICH 1S FACED BY THE PARTICULAR TARGET
REFLECTOR ELEMENT BEING CONSIDERED

THE DISTANCE SQUARED BETWEEN THE EARTH AND THE TARGET

UTILITY CELL

UTILITY CELL

THE STRING OF MATERIAL CODE NUMBERS- ONE FOR EACH SURFACE

THE ATTITUDE MATRIX TRANSFORMS FROM THE SCCS TO THE TVCS

THE SUB-VEHICLE POINT MATRIX TRANSFORMS FROM THE SCCS TO THE
SVPS

=TRS(MSVP)

THE NUMBER OF COLUMNS ON THE VISIBLE PORTION OF THE SURFACE OF
THE MOON

THE TOTAL NUMBER OF CORNERS ON ALL SHADOWERS

THE NUMBER OF MATERIALS

THE NUMBER OF TABULAR VALUES OF PHIPRM

THE NUMBER OF ROWS ON THE MOON

THE NUMBER OF REFLECTORS

THE NUMBER OF LIGHT SOURCES

THE MAXIMUM NUMBER OF SHADOWERS PER SURFACEe THE FIRST DIMENSION
OF SHAD MUST BE EQUAL TO NSH.

THE NUMBER OF SHADOWERS

THE NUMBER OF SPECF FLAGSe IF ALL VALUES OF SPECF ARE ZERO.,
NSPECF -MUST BE SPECIFIED AS. ZERO.

THE NUMBER OF TARGET SURFACES

THE NUMBER OF TABULAR VALUES OF TH

THE NUMBER OF TABULAR VALUES OF THTPRM

THE OBSERVER VECTOR (SCCS)

THE OBSERVER VECTOR IN FEET (SCCS)

THE LENGTH OF THE NORMAL PROJECTION OF VvZSv ON THE SCCS XxX-Y PLANE
THE PHASE ANGLE BETWEEN THE SUN AND THE TARGET AT THE EARTH.
THE ANGLE THAT THE CENTER OF A MOON ELEMENT MAKES WITH THE X-Z
PLANE AT THE Z AXIS IN THE SVPS.

THE ANGLE BETWEEN THE PLANES IN WHICH THETA AND THETAP ARE MEAS-—
URED (DEGREES)

=3414159265

TABULATED VALUES OF PHIP

FHPHC1-6 SEE THE DICTIONARY FOR SUBROUTINE REFLEC

FS1

R

RAD
RAREA
RAT10
RAT1S
RAT20
RAT2S
RE

RM

THE ANGLE BETWEEN THE CENTER OF A MOON ELEMENT AND THE Z AXIS OF
THE SVPS

TARGET REFLECTOR NUMBER

=180./P1

THE ARRAY CONTAINING THE AREAS OF THE TARGET REFLECTOR ELEMENTS
=VUOV(2)/VUOV (1)

SVUTS(2+14S)/7VUTS(14145)

=VUOV(3)/VUOV (1)

=VUTS(341+4S)/7VUTS(141485)

THE RADIUS OF THE EARTH

THE RADIUS OF THE MOON

3G



RW

)

SH
SHAD
SHADO
SHADOW

SHDAR
SHDCOR

SINI1
SINPS1
SOURCE

SPECF
SPOS
SPOSTR
SPOSX
SURF
TABLES

TATT
TAU

THE WIDTH OF A ROW ON THE MOON IN RAD!ANS

SOURCE NUMBER

TARGET SHADOWER NUMBER

THE LISTS OF SHADOWERS CARPABLE OF SHADOWING THE VARIOUS SURFACES
=MOD (SHADOW+8)

A FLAG WHICH INDICATES FOR WHICH OBJECTS TO CONSIDER TARGET SELF=~
SHADOWINGe IF A TARGET REFLECTOR ELEMENT DOES NOT FACE THE DES-
IGNATED OBJUECT+ NO LIGHT IS REFLECTED BY THAT ELEMENT RELATIVE
TO THAT OBUECT. REGARDLESS OF THIS FLAGe THE DESIGNATION OF
SOURCE SHADOWING MEANS THAT A REFLECTOR ELEMENT WwILL NOT REFLECT
LIGHT FROM A SOURCE IF A SHADOWER ELEMENT INTERVENS BETWEEN THAT
SOURCE AND REFLECTOR ELEMENT. THE DESIGNATION OF OBSERVER SHADOW-
ING MEANS THAT A REFLECTOR ELEMENT WILL NOT REFLECT LIGHT TO THE
OBSERVER IF A SHADOWER ELEMENT INTERVENES BETWEEN THAT REFLECTOR
ELEMENT AND THE OBSERVERe

NONE

EARTH

SUN

EARTH AND SUN

MOON

EARTH AND MOON

SUN AND MOON

EARTHs SUNs AND MOON

OBSERVER

OBSERVER AND EARTH

10 OBSERVER AND SUN

11 OBSERVERs EARTHe. AND SUN

12 OBSERVER AND MOON

13 OBSERVERs EARTHs AND MOON

14 OBSERVER+ SUN. AND MOON

15 OBSERVERs EARTHes SUNs AND MOON

THE ARRAY OF DOUBLE AREAS OF THE TARGET SHADOWERS

THE ARRAY OF VECTORS TO THE CORNERS OF THE VARIOUS SHADOWERS.
THEY ARE ARRANGED CYCLICALLY FOR ANY ONE SHADOWER. (TVCS)
=SIN(ANGLE 1)

VOO PWN~O

=SIN(PSI)

A FLAG WHICH INDICATES WHICH LIGHT SOURCES TO CONSIDER
0 NONE

1 EARTH

2 SUN

3 EARTH AND SUN

4 MOON

5 EARTH AND MOON

6 SUN AND MOON

7 EARTHs SUNs AND MOON

SEE THE DICTIONARY FOR SUBROUTINE REFLEC

THE SUN VECTOR (SCCS)

THE SUN VECTOR (SVPS)

THE SUN VECTOR IN EARTH RADII (SCCS)

THE SURFACE NUMBER OF A PARTICULAR TARGET REFLECTOR ELEMENT

O THE TARGET DESCRIPTION TABLES ON TAPE HAVE NOT BEEN READ

1 THE TARGET DESCRIPTION TABLES ON TAPE HAVE BEEN READ

YAWs PITCHs AND ROLL

THE ANGLE IN THE PHASE PLANE, AT THE CENTER OF A PARTICULAR MOON
ELEMENTs WHICH IS THE NORMAL PROJECTION OF THE EMISSION ANGLE

Lo




TH
THETA

THETAP

(DEGREES)

TABULATED VALUES OF THETA

THE ANGLE BETWEEN A PARTICULAR SOURCE AND THE NORMAL TO A PAR-
TICULAR TARGET REFLECTOR ELEMENT AT THE CENTER OF THAT ELEMENT
(DEGREES)

THE ANGLE BETWEEN THE OBSERVER AND THE NORMAL TO A PARTICULAR

TARGET ELEMENT AT THE CENTER OF THAT TARGET ELEMENT (DEGREES)

THPHO 1«6 SEE THE DICTIONARY FOR SUBROUTI]INE REFLEC

THTPRM
TOTAL

TPOS
TPOSTR
TPOSX

TABULATED VALUES OF THETAP

THE SUM OF FLUX TIMES THE FACTOR INTRODUCED BY THE REFLECTION
PROCESS AT EACH TARGET REFLECTOR ELEMENT

THE TARGET VECTOR (SCCS)

THE TARGET VECTOR (SVPS)

THE TARGET VECTOR IN FEET (SCCS)

UDRHO1-6 SEE THE DICTIONARY FOR SUBROUTINE REFLEC
UDRLO1=6 SEE THE DICTIONARY FOR SUBROUTINE REFLEC

v3

vCcomi
vCOM2
veom3
VIPTSH

VIS

VMRS
vOov
vP1

VTE
vuz
VUMSN
VUMTS
VUNS
VUNSHD
VUNT

vUOoVv

OO PWN~O

THE VECTOR FROM THE CENTER OF A PARTICULAR MOON ELEMENT TO THE

TARGET (SVPS)

UTILITY VECTOR

UTILITY VECTOR

UTILITY VECTOR

THE ARRAY OF VECTORS TO THE CORNERS OF A PARTICULAR SHADOWER

FROM THE POINT OF INTERSECTION OF THAT SHADOWER PLANE AND A

PARTICULAR SOURCE OR OBSERVER VECTOR (TVCS)

A FLAG WHICH INDICATES WHICH LIGHT SOURCES ARE SEEN AT THE TAR-

GET VEHICLE

NONE

EARTH

SUN

EARTH AND SUN

MOON

EARTH AND MOON

SUN AND MOON

EARTHes SUNe AND MOON

THE TARGET IS BELOW THE HORIZON OF THE MOON RELATIVE TO THE

OBSERVERs VISIBILITY RELATIVE TO THE TARGET 1S NOT DETERMINED

BY SUBROUTINE TDM,

9 THE OBSERVER IS COINCIDENT WITH THE TVvCS ORIGINe THE MATH MOD-
EL BREAKS DOWN. THE REFLECTED ILLUMINATION IS ARBITRARILY SET
TO ZERO.

MOON ELEMENT VECTOR (SVPS)

THE OBSERVER VECTOR (TVCS)

THE VECTOR TO THE POINT OF INTERSECTION IN THE SHADOWER PLANE OF

A SOURCE OR OBSERVER VECTOR (TVCS)

THE ARRAY OF THE VECTORS TO THE CENTERS OF THE TARGET REFLECTOR

ELEMENTS (TVCS)

THE UNIT VECTOR NORMAL TO THE PHASE PLANE AT THE CENTER OF A

PARTICULAR MOON ELEMENT

THE UNIT SUN VECTOR (SVPS)

=UNIT(V3)

THE UNIT VECTOR NORMAL TO A PARTICULAR MOON ELEMENT (SVPS)

THE ARRAY OF UNIT VECTORS NORMAL TO THE TARGET SHADOWERS (TVCS)

THE ARRAY OF UNIT VECTORS NORMAL T0 THE TARGET REFLECTOR ELE=~

MENTS (TVCS)

THE UNIT OBSERVER VECTOR (TVCS)

L1




VUTS

VXSV
vYSV
vZSv

THE ARRAY OF SOURCE VECTORS

(TVCS)

=VYSVsVZSV
THE UNIT VECTOR IN THE SCCS X=Y PLANE WHICH IS NORMAL TO VZSV

UNIT TARGET VECTOR (SCCS)

Lt

L2



BPHPHL

BPHPHZ
BFHPH3
BPHPHY
BPHPHS
BPrHPHb
BTrPHl

8THPR
B8THPH3
8THPHY
BTHPHS
3THPHE
BURFH1

BUKFHZ
BUKRFHJ
BURFH4
BURFHS
BURFHE
K

M

MAT

N

PHP

PHIPKM
PrPHO1
PHPHOZ
PHPHU 3
PHPHUG
PHPHUS
PHPHO6
SFLCF

TH

TheTa
Thi

THPHU 1
Thrrue
THPHUJS
THPHUY

UICTIONARY FOR SUBROUTINE REFLEC

BtGINNING RELATIVE LOCATION FOrR THE FIRST PHI PRIME.IN A STACK OF

Phl PRIMES,FOR EACH THETA CONTAINING A HIGH DENSITY TABLE.FOR

MATERTAL NG 1o THE LAST BEGINNING=KELATIVE-LOCATION IS A SYNTHETIC
LOCATION = THE RELATIVE LOCATION + 1 OF THE LAST PHI PRIME IN THE ST.CK
SAMt AS BPHPH1EXCEPT FOR MATERIAL
SAME AS BPHPH1»EXCEPT FOR MATERIAL
SAME AS BPHPH1,EXCEPT FOR MATERIAL
SaMt AS BPHPH1EXCEPT FOR MATERIAL
SAME AS BPHPHICEXCEPT FOR MATERIAL
BEGIWNING RELATIVE LOCATION FOR THE FIRST THETA PRIME, IN A STACK

oF THETA PRIMES, FOR EACH THeTA CONTAINING A HIGH DENSITY TABLE

FOR MATERIAL 1le THE LAST BEGINWING=-RELATIVE-LOCATION IS A SYNTHETIC
LUCATIOKNKS THE RELATIVE LOCATION + 1 OF THE LASY THETA PRIME IN THE STACK
SAME AS STHPH1e» EXCEPT FOR MATERIAL 2

SAME AS BTHPHY» EXCEPT FOR MATERIAL 3

SAME AS BTHPH1» EXCEPT FOR NMATERIAL 4

SAMt. AS bTHPH1: EXCEPT FOR MATERIAL 5

SAME AS BTHPHY» EXCEPT FOR MATERIAL 6

ctolVING INDEX FOR EACH THETA THAT CONTAINS A HIGH DENSITY TABLE
INUICATING THE GSEGINNING OF THE BI-DIRECTIOMAL HIGH DENSITY DATA

SaMe AS BURFH1» EXCEPT MATERIAL
SAME AS BURFH1» EXCEPT MATERIAL
SAMp AS BURFH1» EXCEPT MATERIAL
SANMc AS BUKFH1e EXCEPT MATERIAL
SAME LS BUKFH1e EXCEPT MATERIAL
WwumpER OF TABULATED THETAS .
NUMGER COF LOW DENSITY TABULATEL PHI PRIMES

MATERIAL CODE NUMBLR=-=SUBROUTINE ARGUMENT

NUMUER OF LOwW DENSITY TABULATEL THETA PRIMES

Pri PRIMEe THE ANGLE BETWEEN THE TwO PLANES IN WHICH TH AND THP
ARL LETERMINED==SUBROUTINE ARGUMENT

Luan LENSITY TASLULATED VvALUES OF PHP

STACK OF HIGH LENSITY TABULATEUL PHI PRIMES FQOR MATERIAL
STACK UF HIGH DENSITY TABULATEU PHI PRIMES FOR MATERIAL
STACK UF HIGH DENSITY TABULATEL PHI PRIMES FOR MATERIAL
STACK OF HIGH DENSITY TABULATEL PHI PRIMES FOR MATERIAL
STaCK UF HIGH DENSITY TABULATEL PHI PRIMES FOR MATERIAL
STACK OF HIGH CENSLITY TABULATeL PHI PKRIMES FOR MATERIAL
SFe(CULAK FLAG FOR EACH MATERIAL AND FOR EACH THETA WITHIN pACH MATERIAL.
TeELlS IF THE BI-DIRECTIONAL DATA FOR THAY THETA CONTAINS A HIGH DENSITY
TapbLt I ADUITION TO THE LOW UENSITY TABLE. THIS HIGH DENSITY TABLE

IS FOR USE wHERE Trt BI DIRECTIONAL FUNCTION IS CHANGING RAPIDLY

ZU w0 HIGH DENSITY TABLE

=1 ~IGH DENSITY TASlLE

fHeTA ¢ THE ANGLE SETWEEN THE INCIUENT ENERGY RAY AND THE NORMAL TO 1HE
REFLECTING TARGET ELEMENT==SUROUTINE ARGUMENT

TAUBULATED VALUES OF TH

THeTA PRIMEs THE ANGLE BETWELin THE NORMAL TO THE TARGET ELEMENT AND

Tht LINE BETWEEN THAT ELEMENT ANC OBSERVER—-=-SUBROUTINE ARGUMENT

STACK OF HIGH UENSITY TABULATEL THETA PRIMES FOR MATERIAL 1}

STACK OF HIGH DENSITY TABULATED THETA PRIMES FOR MATERIAL 2

STACK OF HIGH LENSLITY TABULATEL THETA PRIMES FOR MATERIAL 3

STACK UF HIGH UENSITY TABULATEUL THETA PRIMES FOR MATERIAL 3

U E W
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THPHO4  STACK OF HIGH DENSITY TABULATEU THETA PRIMES FOR MATERIAL &
THPHOS STACK OF HIGH DENSITY TABULATEULU THETA PRIMES FOR MATERIAL 5
THPHU6 STACK OF HIGH DENSITY TABULATEL THETA PRIMES FOR MATERIAL 6
THIPRM  LOw DENSITY TABULATED VALUES OF THP

UDKkHGL  HIGH DENSITY BI DIRECTIONAL FUNCTION MATERIAL 1

UDRHO02 HIGH DENSITY Bl DIRECTIONAL FUNCTION MATERIAL 2

UDKHO03 H1GH CENSITY Bl DIRECTIONAL FUNCTION MATERIAL 3

UDRHU4  HIGH DENSITY Bl DIRECTIONAL FUNCTION MATERIAL &

UDRHOS HIGH DENSITY BI DIRECTIONAL FUNCTION MATERIAL 5

ubrH06  RHIGH DENSITY BI DIKRECTIONAL FUNCTION MATERIAL 6

UUKRLOL  Low GENSLITY 81 DIRECTIONAL FUNCTION MATERIAL 1

UDKLO2 LOw UENSITY 81 DIRECTIONAL FUNCTION MATERIAL 2

UURLU3 LUw DENSITY BI DIRECTIONAL FUNCTION MATERIAL 3

ULRLO4  LOw UENSITY Bl OIRECTIONAL FUNCTION MATERIAL 4

ULRLUS LOw DENSITY BI DIRECTIONAL FUNCTION MATERIAL S

UUKRLU6 LOw DEWNSITY BI DIRECTIONAL FUNCTION MATERIAL 6

Ly



6.3  ASSUMPTIONS
ASSUMPTIONS

Tht ILLUMINATION OF THE SUN IS CALCULATED ONLY ONCE- AT THE CENTER OF
Tht MOON. THIS FIGUKE IS USEDC AT THE CENTEK OF THE EARTHe IS USED FOR
ALL MOUN clLEMENTSs AND IS USED FOR ALL TARGET REFLECTOR ELEMENTS.
ONE VECTORs FROM THE CENTER OF THE MOON TO THE CENTER OF THE SUNs IS
USED InSTea. OF INCIVIDUAL VECTORS FROM THE CENTER OF EACH MOON ELEMENT
TG THE CENTER OF THE SUN,
ONt VECTOKs FROM THE ORIGIN OF THE TvCS TO THE CENTER OF EACH SOURCE. IS
UStL INSTEaL OF INUIVIDUAL VECTORS FRGM THe CENTER OF EACH TARGET RE-
FLeCTOR ELEMENT TO THE CENTER OF EACH SOURCE.
ONE VECTOKe FROM THE ORIGIN OF THE TvCS TO THE CENTER OF THE OBSERVER
VERICLE, Is UStu INSTEAD OF INGIVIDUAL VECTORS FROM THE CENTER OF EACH
TARKGET KEFLECTUR ELEMENT TU THE CENTER OF THE OBSERVER VEHICLE.
ALL LIGHT SCURCES ARE REGARDED AS POINT SOURCES,

Tt LUMPLL FARAMETER CONCEPT IS USED IN DIVIDING THE MOONS SURFACE UP
INTO ELEMENTAL REFLECTORS.

Tht LUMPEtO PARAMETER CONCEPT IS USED IN DIVIDING THE TARGET VEHICLE UP
INTO RLFLECTING ELEMENTS,

SURFACES O THt TARGET VEHICLE wHICH CAN SHADOW OTHER SURFACES ON THE
s:t$ET VEHICLE ARE APPROXIMATED WITH POLYGOWNS» FOR SHADOWING PURPOSES
THE MOON NEVER ECLIPSES THE EARTH FRUM THE SUN,.

THE BAKTH iWEVER ECLIPSES ThHE MOON FROM THE SUN.

THE OBSERVER VEHICLE NEVER SHADOWS ANYTHING.

THe TAKGET VEHICLE ONLY SHADOWS ITSELF.

THe OnkY L1GHT SOURCES ILLUMINATING THE TARGET VEHICLE ARE THE SUN, THE
MOO“! ANU Ti“lE. tARTH.

Thikk 1S WO LIGHT TRANSFER HBETWEEN THE EARTH AND THE MOON,
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SUBROUTINE LISTING

SUBROUT INE TDM
VISIBILITY SUBROUTINE (PROGRAM 3960)

PROGRAMMED BY BRECKENRIDGE-GENERAL DYNAMICS/CONVAIR

MAXIMUM ALLOWABLES- 2450 REFLECTORS: 75 SURFACES, S0 SHADOWERS. 20
CORNERS PER SHADOWERs AND A TOTAL OF 400 CORNERS,

NR#NC IS AUTOMATICALLY RESTRICTED TO THE RANGE 1 TO 400

THE NUMBERS IN COLUMNS 74 AND 75 ARE THE BLOCK IDENTIFICATION NUM-
BERS ON THE FLOW CHART,

COMMON /NASA/SPOSX +EPOSX s TPOSXyOPOSXeTATT s SOURCE ¢+ SHADOWsNR «NCWV IS
1B
COMMON/RFTLOW/UDRLO1(15S00)+UDRL02(1500)+UDRLO3(1500)yUDRLO4(1500)
1UDRL.OS5( 1500) +UDRLOG6(1500)s TH(10)+s THTPRM(10)+PHIPRM(15)+SPECF(60)
2NPHIP ¢NTHP ¢ NTH

COMMON/RFTHI /UDRHO1 (90) yUDRHO2(90) s UDRHO3(90) +UDRHO4(90) ¢« UDRHOS( 90
1Y UDRHOG(90) »
2PHPHO1 (30) ¢+ PHPHOZ2(30) s PHPHO3 (30 ) + PHPHO4 ( 30) + PHPHOS5 (30) + PHPHO6(30) »
ATHPHOL (30) e THPHO2(30) +» THPHO3 (30) « THPHO4 (30) s THPHOS(30) ¢ THPHO6(30)
ABPHPH]1 (11)+BPHPH2(11)+BPHPH3(11)+BPHPHA(11) «BPHPHS(11) +BPHPHSE(11 1
SBTHPHI (11)+sBTHPH2(11)+BTHPH3(11)BTHPHA(11)+BTHPHS(11)+BTHPHE6(11)
6BURFHI(10)+BURFH2(10)+sBURFH3(10) BURFH4(10) +BURFHS(10)+BURFHA(10)
OIMENSION AOOOO1(3¢1)+A00002(341)4A00003(341)9A00004(3+41)4¢A00005(3
1¢1)+A00006(3+1)+A00007(341)+A00008(3+41.)+A00009(341)+A00010(3+1)4+A0
20011(3¢1)9A00012(3¢1)+A00013(341)¢A00014(341)¢A00015(3¢1)4+A00016(3
341)4A00017(341)+A00018(341)+A00019(3+3)1A00020(3+1)+A00021(341)+A0
40022(341)+1A00023(341)1+A00024(341)+A00025(3¢1)+sA00026(341)+A00027(3
S5+1)+A00028(3+1)9A00029(341)9sA00030(3+1)+A00031(341)+A00032(34¢1)+A0
60033(3¢1)+A00034(34¢1)+CORNER(S51)+ERPOS(3+1)+EPOSX(341) +FLUX(402)FR
TIN(76) sMAT(TS) «MATT(34+3) MSVP(3¢3)1MSVPTR(343)+0P0OS(341)+0POSX(30+1)
8+RAREA(2450) +SHAD(3¢75) s SHDAR(S0) ¢+ SHDCOR(3414400) ¢SPOS(3¢1)+SPOSTR
(361 )eSPOSX(I4 1) TATT(3) s TPOS(341)+sTPOSTR(341)sTROSX(341)4V3(3)
DIMENSION VCOMI (341 )sVCOM2(34¢1)¢VCOM3(341)4VIPTSH(341¢20)+VMRS(3,1
1)eVOVI(341)sVPI(341) e VTE(341+2850)¢VU2(341) s VUMSN(341)+VUMTS(341)4V
2UNS(391) ¢ VUNSHD(3¢1 ¢50) ¢ VUNT(34142450) e VUOV(341)eVUTS(3414402),.VXS
3VI341)sVYSV(341)eVZSV(341)

REAL JPLLRM MATT«MSVP«MSVPTR

INTEGER CORNER+CORNF ¢ CORNL ¢FS4sReS+SHsSHAD ¢ SHADO + SHADOW s SOURCE + SURF
1+FRNWVIS

INTEGER SPECF ¢ BPHPH1 ¢ BPHPH2 « BPHPH3 s BPHPH4 + BPHPHS « BPHPHE6 +BTHPH1 +BTH
#PH2 +BTHPH3BTHPHS +BTHPHS s BTHPHG6 +BURFH1 + BURFH2  BURFH3 +BURFH4 + BURFHS
* +BURFHE

DATA NSH/3/:P1/3+14159265/+RAD/S7¢2957795/+RE/63T78000.7/RM/ 1738000
16/ +SPECF/60%0/+TABLES/Oe¢/

IF(TABLES+EQe14)GO TO 102

READ TARGET TABLES FROM TAPE
TABLES=1,
SURFACE AND REFLECTOR GEOMETRY

READ (1 INSURF « NRE s NSHAD

KOMaNSURF +1
READ(I)(MAT(I)!I’IQNSURF)Q(FRN(I)QI‘IQKOM)O((SHAD(JQI).J‘loa)oI-lv
2NSURF ) « (RAREA(TI) s I=1 sNRE) ¢+ ((VTE(Joel eI )eJmle3)sI=1eNRE)
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. 3C(VUNT(Js1e1)eJdx143) 4121 (NRE)
IF (NSHADEQe0)GO TO 100
SHADOWER GEOMETRY
KOM=NSHAD+1
READ (1 )NCOR s (SHDAR(I)+s121«NSHAD) ¢ (CORNER(I) s I=1+KOM) s ( (VUNSHD(Jo 14
1330021 493)e 121 NSHAD) ¢ ({(SHDCOR(Jesl1e1)eUzm1e3)sl=z=1NCOR)
_ LOW DENSITY REFLECTIVITY
100 READ(1INTHeNTHP ¢NPHIP ¢NSPECF «NMAT o (TH(I) s Im1 ¢NTH) ¢ ({THTPRM(I)s1=1,
INTHP) + (PHIPRM(I)esI=1NPHIP)
KOM=NTH®NTHP#NPHIP
READ (1) (UDRLO1(I)s1=1.KOM)
IF(NMAT.EQe1)GO TO 101
READ (1) (UDRLO2(1)s1=1¢KOM)
IFINMAT .£Qe2)GO TO 101
READ (1) (UDRLO3(1)s1x1+KOM)
IF(NMAT.EQ.3)GO TO 101
READ (1) (UDRLOA(])¢Ix] ,KOM)
IF(NMAT . EQ.4)GO TO 101
READ (1) (UDRLOS(1)sI=],KOM)
IF(NMAT .EQe5)GO TO 101
READ (1) (UDRLOG(1)s1m] +KOM)
101 IF(NSPECF.EQ.0)GO TO 102
HIGH DENSITY REFLECTIVITY
READ (1) (SPECF(I)+1=14NSPECF)
READ (1 )BURFH1 ¢ BTHPH] +BPHPH1 s THPHO1 + PHPHO 1 s UDRHO |
IF (NMAT.EQe1)GO TO 102
READ (1 )BURFH2 ¢ BTHPH2 « BPHPH2 s THPHO2 « PHPHO2 s UDRHO 2
IF(NMAT.EQ42)G0O TO 102
READ (1 )BURFH3 ¢ BTHPH3 s BPHPH3 s THPHO3 ¢ PHPHO 3 ¢ UDRHO 3
IFI(NMAT EQe3)GO TO 102
READ ( 1 )BURFH4 s BTHPHA 4 BPHPHA  THPHOG + PHPHO 4 s UDRHO4
IF(NMAT.EQ.4)GO TO 102
READ (1) BURFHS ¢ BTHPHS ¢« BPHPHS « THPHOS ¢« PHPHO S s UDRHOS
IF INMAT (EQ¢5)GO TO 102
READ ( 1 ) BURFHG s BTHPHS ¢ BPHPHE « THPHOG6 s PHPHO 6 s UDRHO6
102 IF ((SOURCE)«NE.((0}))) GO TO 2
1 Bz 0O,
VIS=(0)
GO TO 78
2 CALL MADD2(3.:1+TPOSX .41 6 ¢OPOSXy~1¢+A00034)
IF ((VMAG(AOOO034+3))eNEs((0e))) GO TO 3
B=0,
VIS=9
GO TO 78
BOUND NR*NC
3 IF ((NR)®(NC)LE.((0))) GO TO 4
IF ((NR)®(NC)sLEe((400))) GO TO S
4 NR=(40)
NC=(10)
5 FNR=(NR)
FNC= (NC)
‘ CONVERT VECTORS TO METERS
CALL MADD1(3¢1+SPOSX+RE ¢SPOS}
CALL MADD1(3+1 +EPOSX4RE 4EPOS)
CALL MADD1(341.0POSX++ 3048 ,0POS)
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CALL MADD1(3+1+sTPOSX++ 3048 +TPOS)
IF ((VMAG(TPOS+3))elLTe(RM)+(14)) GO TO: 6
GO TO 7
& CONT INUE :
CALL UNIT(TPOS+AO00001+3)
CALL MADD1(341+A00001+RM+144TPOS)
7 CONTINUE
C DOES THE MOON BLOCK VISUAL CONTACT BE-
c TWEEN THE OBSERVER AND THE TARGET.
CALL MADD2(3+1+0P0S++14¢TPOSe~1,+A00002)
IF ((VMAG(AOQOD2+3))eLE« (SQRT((VMAG(OPOS+3) ) %% (2)~(RM)X¥(2)))) GO
1TO 8
CALL MADD2(3+41+0P0OS++1¢4TPOSe=1,4A00003)
CALL UNIT(AOO003+A00004,3)
CALL UNIT(OPOS,AO0005+3)
IF (( VDOT(AOO0044A00005+¢3)) el Te(SQART( (1) =((RM)/{VMAG(OPOS+3)))*
1#(2)))) GO TO 8

c YES
Bz Os
VIS=(8)
GO TO 78
c NOe DETERMINE THE ATTITUDE MATRIX.

8 SINY=(SINI(TATT(1))))
COSY=(COSI(TATT(1))))
SINP=(SIN{TATT(2}))))
COSP=(COS((TATT(2))))
SINR=(SINC(TATT(3))))
COSR=(COS((TATT(3))))
MATT(1+13=(COSP)*(COSR)
MATT(2+1)=~(COSP)*(SINR)
MATT(3+1)=(SINP)
MATT(1+2)=(SINY)I®F(SINP)*#(COSR)+(COSY)*#(SINR)
MATT(2+2)=~(SINY)IR(SINPI®{SINR)+(COSY)*#(COSR)
MATT(3+2)==(SINY)I)R(COSP)
MATT(1¢3)=~(COSY)R(SINP)X*(COSRI+(SINY)*¥(SINR}
MATT(2+3)2(COSY)#(SINPIX(SINR)+(SINY)*(COSR)
MATT(3+3)=(COSY)*(COSP)

C

SINI=(RM)/(VMAG(TPOS+3))

ANGLE 1= (ASINC(SIN1)))

COS1=(COS{(ANGLE1)))

CALL UNIT(TPOS+VZSVs3)

NS=(0)

FLUX(1)= O,

FLUX(2)= O,
c IS THE EARTH CONSIDERED AS A LIGHT
c SOURCE .

GO TO (941449491449+14+9), SOURCE
c YESe IS THE EARTH. BELOW THE HORIZON OF
c THE MOON RELATIVE TQO THE TARGET.

9 CALL MADDZ2(3+1+TPOSe+1e+EPOSe+~144VCOM1)
H22 (VCOM]L (141) ) ¥R (2)4+(VCOMI (2,1 )) 8% (2)+(VCOML1(341))%%(2)
CALL MADD1 (341 +VCOML1 o +1 4/ (SQRT((H2)) ) VCOM2)
CO0S2= VDOT(VCOM24+VZSV+3)
IF ((COS2)«GE+(COS1)) GO TO 14
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10

11

12

13

14

15

16

17

18

NOe+ DETERMINE EARTH LIGHT,
CALL MADD2(3¢1+4SPOS++14+EPOSs~14+A00006) 8
CALL UNIT(AOO006+A00007.3)
COSPHI= VDOT(AOO0O07+VCOM243)
IF ((COSPHI)eGTe((14))) GO TO 10
GO TO 11
CONT INUE
COSPHI= 1,
CONT INUE
IF ((COSPHI)eL.Te(~=(1e))) GO TO 12
GO TO 13
CONT INUE
COSPHl== 1,
CONT INUE
PH1I=(ACOS((COSPHI))) .
FLUX(1)=2 26 / 3¢ % o84 H(REIFX(2)/(H2)R(SINI(PHI) )+ ((P])=(PHI))I*(CO
1SPHIN ) /Z(PI)
CALL MTMPY(MATT+VCOM2,A00008+3¢3+1)
CALL MADD1(3+¢14+A00008+=1,4+VUTS(1e141))
NS=(1)
IS THE SUN BELOW THE HORI1ZON OF THE
MOON RELATIVE TO THE TARGET.
CALL MADD2(3+1¢TPOSs+14¢5P0Ss~1,4+A00009) 9
CALL UNIT(AO0009+VCOM3,3)
COS3= VDOT(VCOM3.+.VZSVe3)
IF ((COS3).GE+(COS1)) GO TO 32
NOes IS THE SUN CONSIDERED AS A LIGHT

SOURCE .

NS=(2)

GO TO (1541641641 7+17416416)s SOURCE 10
NO

NS=(1)

IF C(FLUX(1))) 33+1.33
YESes DETERMINE SUN LIGHT.

CALL MTMPY(MATT VCOM3,A00010+3+4341)

CALL MADD1(3414A000104=1,44¢VUTS(14142))

FLUX(2)= 1. 11
IS THE MOON CONSIDERED AS A SERIES OF
LIGHT SOURCES.,

IF ((SOURCE).LE«((3))) GO TO 32 12
YES. DETERMINE THE SUB=VEHICLE POINT
MATRIX.

P=(SORT((VZSV(1¢1))RE(2)+(VZSV(2:1))1%%(2))) 13

IF ((P)eGTa((0e))) GO TO 18
MSVP(1+1)= 1.

MSVP(2+1)= O

MSVP(3¢1)= Oe

MSVP(1+2)= O,

MSVP(2:2)= 1,

MSVP(3+2)= Oe.

MSVP(1+3)= Oo.

MSVP(2+3)= O,

MSVP(3+3)= 1.

GO TO 20
VYSV(141)=(VZSV(241))/7(P)



19
20

21

22

23

24

25

26

VYSV(2+1)=2=(VZSVI(1s1))/7(P)
VYSV(3s1)= O
CALL VCRS(VYSVsVZSViVXSV)
DO 19 I=1,3
MSVP{1+1)9=2{(VXSV(1+1))
MSVP(2+118{VYSVI(I141))
MSVP (3. 1)1=2(VZSV(I1s1))
CONT INVE
CALL TRS(MSVP4MSVPTR+3:+3)
MOON LIGHT
CALL MTMPY(MSVP 4SPOS+SPOSTR:34¢301)
CALL UNIT(SPOSTR+VUMSN,3)
CALL MTMPY(MSVP +TPOS+TPOSTR+34341)
CW=((PI)/ 2¢ =(ANGLE1)})/(FNC)
RW= 2¢ ®(Pl)y/(FNR)
DO 31 J=14NC
FJd=(J)
PSI=(CW)R((FJU)~ o5 )
SINPSI=(SINC((PS])))
Az (CW)R(RWIN(SINPSI)IH(RM)%*%(2)
VUNS(3+1)=2(COSC(PS11)))
DO 30 I=1+NR
NS=(NSI+ (1)
FI=(1)
PHI=(RW)®#((Fl})= «5 )
VUNS(1+1)=(SINPSI)X(COS((PHI)))
VUNS(2+1)2(SINPSI)I®(SIN((PHI))Y)
IF (¢ VDOT(VUNSsVUMSN+3))eGTe((0e))) GO TO 21
FLUXINS)= O,
GO TO 30
CALL MADD1(34+1+VUNSIRM,VMRS)
CALL MADD2(341 . TPOSTRe+1 ¢+ VMRS s=14+V3)
CALL UNIT(V3VUMTS«3)
COSALF= VDOT (VUMTS . VUMSN,3)
1F ((COSALF)«GTell{l14s))) GO TO 22
GO TO 23
CONT INUE
COSALF= 1
CONT INUE
IF ((COSALF)IeLTe(~(16))) GO TO 24
GO 70 25
CONT INUE
COSALF=z= 1,
CONT INUE
ALPHA= (RAD)* (ACOS((COSALF)))
CALL VCRS(VUMTS ,VUMSN.AQCO11)
CALL UNIT(ADOO11VU24:3)
CALL VCRS(VU2,VUNS,A00012)
CALL VCRS(A00012+VU24+A00013)
CALL UNIT(AOOOI3VCOM1,4+3)
COSTAU= VDOT(VUMTS,VCOM1,3)
IF ((COSTAU)«GTe((14))) GO TO 26
GO 10 27
CONT INVE
COSTAU= 1
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27

CONT INUE
TAU= (RAD)®*(ACOS((COSTAU)))
IF(COSALF#COSTAULLT(VDOT (VUMSN+VCOM] ¢3)) TAUz=TAU

FLUXINS )=+ (UPLLRM( (ALPHA) ¢ (TAUD ) IR (A) /(VMAG(V343) ) %% (2)#VDOT (VUMTS

1 eVUNS.3)

CALL MTMPY(MATT+MSVPTR+A0001943+343)
CALL MTMPY(ADOD0019,VUMTS,A00020¢3¢3¢1)
CALL MADD1(3414A00020¢~16sVUTS(1414NS))

15

16

17
18
19
20

21
a2

23

24

30 CONTINUE
31 CONTINUE
C REFLECTION PROCESS AT TARGET
32 IF ((NS)EQe((0))) GO TO 1
33 CALL MADD2(3+1+0P0S++1esTPOSs~=1,+A00021)
CALL MTMPY(MATT+AQD0021¢VOVe3e341)
CALL UNIT(VOV,VUOV.3)
RAT10=(VUOV(241))/(VUOVI1s1))
RAT20=(VUOV(3¢1))/7(VUOV(141))
TOTAL= O,
SHADO= ( SHADOW)
IF ((SHADO)eGE.((B))) GO TO 34a
GO TO 35
34 CONTINUE
SHADO=(SHADO)-(8)
35 CONTINUE
Cc CONSIDER A NEW TARGET SURFACE
DO 70 SURF =1 +NSURF
KOM1 =(FRN{SURF))
KOM2= (FRN(SURF+1))~(1)
C CONSIDER A NEW TARGET REFLECTOR ELE-
c MENT
DO 69 R=KOM1 +KOM2
C DOES 1T FACE THE OBSERVER
COSTHP= VDOT(VUNT(14+41:R)+VUOV,43)
IF ((COSTHP)eLE+((0e))) GO TO 69
Cc YESe DOES IT FACE AT LEAST ONE SOURCE.,
DO 36 FS=z14NS
IF ((FLUX(FS))<EQe((Oe))) GO TO 36
IF (( VDOT(VUNT(1¢1sR)+sVUTS(1¢1¢FS)+3))eGTe((0e))) GO TO 37
36 CONT INUE
Cc NO
GO TO 69
C YESe IS SHADOWING CONSIDERED RELATIVE
C TO THE OBSERVER.,
37 IF ((SHADOW).LT4((8))) GO TO a4
C YESe 1S THE OBSERVER SHADOWED FROM
C THE TARGET REFLECTOR ELEMENT,.
DO 43 K=} +NSH
SH=(SHAD (K¢SURF ) )
IF ((SH)4EQe((0))) GO TO 44 :
C DETERMINE THE POINT OF INTERSECTION
C BETWEEN THE TARGET SHADOWER PLANE AND
C THE REFLECTOR-OBSERVER L INE.

CORNF = (CORNER(SH))
IF ((VUOV(141))eNE«((Qe))) GO TO 39
IF ((VUOV(241))eNEL((Ds})) GO TO 38

51



OO0

(e Ne e

38

1F ((ABSC(VUNSHD(3+411SH))))eLE4((600001))) GO TO 43
VPI(1ls1)xa(VTE(1414sR))

VPI(2+1)=(VTE(24+14R))
VPI(3e1)=((VUNSHD(1+1+4SH))*((SHDCOR(1¢1+CORNF))=(VTE(1414R))I+(VUN
1SHD(2+14SH) ) ¥ ( (SHDCOR(24 1 yCORNF ) )= (VTE(2+1+4R))II+(VUNSHD (341 +sSH) ) *{(

2SHDCOR (3,41 CORNF ) ) )/ (VUNSHD (341 ,4SH))
GO TO 40
COM3=(VUOV(3+1))/7(VUOV(2,1))

COMA=(VUNSHD (241 +SH) )+ (VUNSHD (3414SH) ) #(COM3)

IF ((ABS((COMA4) ) )eLEW((400001))) GO TO 43

VPI(141)=(VTE(1414+R))
VPI(241)=((VUNSHD(141+SH))*((SHDCOR(1+s1+4CORNF))I=(VTE(141+R))I+(VUN
1SHD(2+¢14SHY ) #(SHDCOR (241 +CORNF I )+ (VUNSHD (341 +SH) I # ({COM3)%(VTE(241
2+sR)IIH(SHDCOR(3+1 +CORNFI I=(VTE(3:1sR))I)I/(COMA)
VPI(3¢1)e(VTE(3414RIIF(COMIIR((VPI(241))-(VTE(2414R)))

GO TO 40

39 COM3I=(VUNSHD (141 sSH))+(RAT10)# (VUNSHD (241 ¢SH))+(RAT20)®(VUNSHD (341

40

41

42

1¢SH))
IF ((ABS((COM3)))eLEL((e0C0001))) GO TO 43
VPI(1e1)=((VUNSHD(1+1+SH))*(SHDCOR(141,CORNF))I+(VUNSHD(24+14,SH))* ((
IRATIO)¥(VTE(1¢1eR)I)I=(VTE(2+1 4RI I+ (SHDCOR(2+1+CORNF ) )+ (VUNSHD( 314
2SHYI I ¥ ((RAT20)¥{VTE(141sR)II=(VTE(3414R)II+(SHDCOR(3414CORNF)}) )/ (COM
33)
COMA=(VP]I(141))=(VTE(141.R))
VPI(2¢1)=(RATIO)®(COM&)YI+(VTE(24s1+R))
VRPI(3+1)=(RAT20)%(COMA)4+(VTE (341 +R))
DOES IT LIE BETWEEN THE TARGET REFLEC-
TOR ELEMENT AND THE OBSERVER.
CALL MADD2(3¢1sVPIs+1esVTE(1+414R)Is=14+A00022) 26
CALL UNIT(A0O0022+A00023,43)
IF (¢ VDOT(VUNT(141+R)sA0002343))eLEe((Qe))) GO TO 43
YES. CONSTRUCT VECTORS FROM THE POINT
OF INTERSECTION TO THE CORNERS OF THE
SHADOWER POLYGON,
CORNL = (CORNER(SH+1))~-(1) 27
J=(0)
DO 41 I=CORNF ¢« CORNL
J=tUr+ (1)
CALL MADD2(3+1+SHOCOR(141e])e+1eeVPIs=14sVIPTSH(1s104J))
CONT INUE
COMPUTE THE DOUBLE AREA THAT THE POINT
OF INTERSECTION SUBTENDS AT THE SHAD-
OWER POLYGON.
Ax= Qs
DO 42 I=24+J
CALL VCRSUIVIPTSH(1,141=1) VIPTSH({1414+1)4A00024)
A= (AY+(VMAG(AOQ024,3))
CONT INUE
CALL VCRS(VIPTSH(1414J)eVIPTSH(1+141)4A00025)
Az (A)Y+ (VMAG(ADD0254+3))
DETERMINE WHETHER THE POINT OF INTER-
SECTION LIES INSIDE OR OUTSIDE THE
SHADOWER POL YGON.
IF ((A)/(SHDAR(SH))eLE«((14002))) GO TO &9
IT LIES OUTSIDE .
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43 CONT INUE
THE OBSERVER IS NOT SHADOWED.
STARTING WITH SOURCE FS.CONSIDER A NEW
SOURCE,
44 DO 68 Sz=FSWINS
1IF ((FLUX(S))EQa((0e))) GO TO 68
DOES THE TARGET REFLECTOR ELEMENT FACE
ITe
COSTH= VDOTU(VUNT(1+1+R)eVUTS(1¢1¢5)¢3)
IF ((COSTH)LE«((0e))) GO TO 68
YESe IS SHADOWING CONSIDERED FOR THIS
SOURCE .
IF ((SHADO)+EQe.((0)}) GO TO 55
IF ((S)=(2)) 45,46+47 '
45 GO TO (48+85,48:55,48:.55,48)+ SHADO
48 GO TO (55:48:48¢55:¢55.48.48) ¢+« SHADO
47 IF ((SHADO)eLTe((4))) GO TO 55
YESe 1S THE TARGET REFLECTOR ELEMENT
SHADOWED FROM THE SOURCE.
48 RATISE(VUTS(2+1¢5)1)17(VUTS(1¢1¢S))
RAT2S=(VUTS(3¢1¢S))17(VUTS(1:145))
DO 84 K=) ¢NSH
SH=(SHAD(K+SURF))
IF ((SH)EQe((0))) GO TO S5
DETERMINE THE POINT OF INTERSECTION
BETWEEN THE SHADOWER PLANE AND THE
SOURCE-REFLECTOR L INEe.
CORNF = (CORNER(SH)Y )
IF ((VUTS(141e¢S))eNE((0e))) GO TO SO
IF ((VUTS(2+41¢S))eNEe((0e))) GO TO 49
IF ((ABS((VUNSHD{3¢1+SHI I IIeLEL((400001))) GO TO 54
VRPI(1+41)=(VTE(1+414R))
VPI(241)=(VTE(2¢1+R))
VPI(3+1)2({VUNSHD(1+s1+SH))#{(SHDCOR(1¢1+CORNF))I=(VTE(1s1sRI)I)I+(VUN
1SHOD (241 ¢SH) YR ( (SHOCOR (241 +CORNF I )I-—(VTE(241sR)I)II+(VUNSHD(341+¢SH) I #(
2SHDCOR (341 CORNF )} )/ (VUNSHD (341 4SH))
GO TO Si
49 COM3=(VUTS(3¢1¢85))/7(VUTS(2:1+¢85)) .
COMA=(VUNSHD (241 ¢SH) )+ (VUNSHD(341,SH) ) ®(COM3)
IF ((ABS((COMA) )Y eLE((600001))) GO TO 54
VPI(141)=(VTE(1414R))
VPI(2¢1)=((VUNSHD (141 ¢SH))IR®((SHDCOR(1+41+CORNF))=(VTE(1+1sR))I+(VUN
1SHD (241 ¢eSH) )R (SHDCOR(2+1 +CORNF I I+ (VUNSHD (3¢ 1 ¢SH) IR ((COMI)IR(VTE (2,1
2¢R)I+(SHDCOR(3+1+CORNF) I=(VTE(3+1eR))))/7(COMaA)
VPI(3e¢1)2(VTE(3¢1+sR)II+(COMIIN((VPI(2+1))=(VTE(2:1+sR)))
GO TO 51
SO COM3=(VUNSHD(1+1¢SH))+(RATIS)#(VUNSHD(2+1¢SH))+(RAT2S)#(VUNSHD (3,41
1+4SH)Y)
IF ((ABS((COM3)))eLEe((00001))) GO TO 54
VPI(1e1)n{{VUNSHD(1+1+sSH)I®(SHDCOR(16¢1CORNF )+ (VUNSHD(24¢1+SH) )* ((
IRATISIM(VTE(141sR))I=(VTE(2+1+RII+(SHDCOR(2+1+CORNF))I+(VUNSHD( 341,
2SH)I IR ((RAT2S)IH(VTE(1+41eR)II=(VTE(341+RII+(SHDCOR(3+41+CORNF))))I/Z(COM
33)
COMA=(VPI(141))=(VTE(1+s1+R))
VPI(2+1)=(RAT1S)I®(COMA )+ (VTE(24:1R))
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VPI(3+¢1)=(RAT2S)*(COME)+(VTE(3414+R))
DOES IT LIE BETWEEN THE TARGET REFLEC-
TOR ELEMENT AND THE SOURCE.

CALL MADD2(3414VPls+1e¢sVTE(1414R)s=1¢+A00026) 36

CALL UNIT(AOO00264+A0002743)

IF (( VDOT(VUNT(1414R)+A0002743))eLEe((Oe))) GO TO 54
YESe CONSTRUCT VECTORS FROM THE POINT
OF INTERSECTION TO THE CORNERS OF THE
SHADOWER POLYGON,

CORNL = (CORNER(SH+1))=(1) 37

J=(0)

DO 52 1=CORNF 4 CORNL

JE(JI+(1)

CALL MADDZ2(3+1+SHDCOR(1414I) e+l easVPIe=16sVIPTSH(14s14J))

CONT INUE
COMPUTE THE DOUBLE AREA THAT THE POINT
OF INTERSECTION SUBTENDS AT THE SHAD-
OWER POLYGON.

A= Qe

DO 53 I=24J

CALL VCRS(VIPTSH(1+s1+4I-1)4VIPTSH(14141)4A00028)

A=C(A)Y+(VMAG(AO0028+3))

CONT INUE

CALL VCRS(VIPTSH(141+sJ)sVIPTSH(14+4141)+A00029)

A=(A)+(VMAG(A00029,+3))
DETERMINE WHETHER THE POINT OF INTER-
SECTION LIES INSIDE OR OUTSIDE THE
SHADOWER POLYGON,

IF ((A)/(SHDAR(SH))eLE«((14002))) GO TO 68
IT LIES OUTSIDE.,

CONT INUE 38
THE SOURCE IS NOT SHADOWED.
INCREMENT REFLECTED LIGHT.

CALL VCRS{VUNT(1+1+R)+VUOV+A00030) 39

CALL VCRS(VUNT(1+1+R)eVUTS(1+14S)e¢A00031)

CALL UNIT(A00030,A00032,3)

CALL UNIT(A00031,A00033,3)

COSPHI= VDOT(AO00032+A00033,3)

IF ((COSPHI)eGTs((1e))) GO TO 56

GO TO 57

CONT INUE

COSPHI= 1,

CONT INUE

IF ((COSPHI)eLTe(=(1a))) GO TO S8

GO TO 59

CONT INUE

COSPHI== 1,

CONT INUE

PHIP=(RAD)*(ACOS( (COSPHI)))

IF ((COSTH)«GTa((14))) GO TO 60

GO TO 61

CONT INUE

COSTHx le

CONT INUE

IF ((COSTH)eLTe(=(1e))) GO TO &2




GO TO 63

62 CONTINUE
COSTH=~- 1.

63 CONTINUE
THETA= (RAD)Y* (ACOS((COSTH) )

IF ((COSTHP)«GTel(14))) GO TO 64
GO TO 65

64 CONTINUE
COSTHP= 1.

65 CONTINUE
IF ((COSTHP)eLTel(~(1e))) GO TO 66
GO TO 67

66 CONTINUE
COSTHP=z= 1,

67 CONTINUE
THETAP=(RAD)I*(ACOS((COSTHP)))
TOTAL=TOTAL+ (REFLEC((THETA) (THETAP},(PHIP):(MAT(SURF))))*(COSTH
1) #(COSTHP) #(RAREA(R) ) *#(FLUX(S))

68 CONTINVE 40
69 CONTINUE 41
70 CONTINUE i 42

COMPUTE TOTAL REFLECTED VISIBLE LIGHT
E=(4.566932E24)/(VMAG(SPOS3) ) %% 2
Bz (TOTALI®(E)/(PII* 621¢ / 1076387 /{(VMAG(VOV3))#x(2)
SET VISIBILITY FLAG
71 VIS=(0) 43
IF ((FLUX(1))eGTe((0e))) GO TO T2
GO TO 73
72 CONTINUE
VIS=(VIS)+(1)
73 CONTINUE
IF ((FLUX(2))eGTe((0s))) GO TO 74
GO 70 75
74 CONTINUE
VIS=(VIS)Y+(2)
75 CONT INUE
1IF ((NS)4LTC(3))) GO TO 78
DO 76 1=3.NS
1IF ((FLUX{1))eGTe((0e))) GO TO 77
76 CONT INUE
GO TO 78
77 VIS=(VIS)I+(4)
78 RETURN 44
END
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FUNCTION REFLEC(THs THPPHP sMAT)

PROGRAM NOe 3960
PROGRAMMED BY J. We GEANACOU., GENERAL DYNAMICS CONVAIR
WHERE TH IS THE ANGLE BETWEEN THE INCIDENT ENERGY RAY AND THE NORMAL TO
THE REFLECTING TARGET ELEMENT

THP IS THE ANGLE BETWEEN THE NORMAL TO THE TARGET ELEMENT AND THE
LINE BETWEEN THAT ELEMENT AND THE OBSERVER

PHP 1S THE ANGLE BETWEEN THE TWO PLANES IN WHICH TH AND THP ARE
DETERMINED

MAT IS THE MATERIAL OR COATING CODE OF THE TARGET SURFACE

THIS SUBROUTINE

AJ.DETERMINES WHETHER A LOW DENSITY OR HI DENSITY GRID 1S TO BE
INTERPOLATED TO.

Be DOUBLE LINEAR INTERPOLATES THP AND PHP TO APPROPRIATE Bl DIRECTION#
REFLECTIVITY(UDR) TABLES wWHICH CORRESPOND TO THE TwO THETAS wHICH BRACKE
TH

Ce SINGLE LINEAR INTERPOLATES TH TO THE TWO UDRS OBTAINED IN STEP B.

A COMMON THETA SET IS ASSUMED FOR LOW AND HIGH DENSITY TABLES

FOR ALL MATERIALS,

HIGH DENSITY TABLES ARE USED FOR SPECULAR VALUES OF THeTHPs AND PHP.
STORAGE FOR 6 DIFFERENT MATERIALS ARE PROVIDED FOR BOTH LOW AND HIGH
DENSITY TABLES.

ALL UDR FUNCTION STORAGE 1S SINGLY DIMENSIONEDs EVEN THOUGH STORAGE

CAN BE CONCE!VED,FOR THE LOW DENSITY UDR FUNCTION, AS TRIPLY DIMENSIONEL
(PHIPRM X THTPRM X THETA OR M X N X K)e

THIS SINGLE DIMENSION NOTATION ALLOWS THE USER TO CHANGE M X N X K
WITHOUT RECOMPILING THIS SUBROUTINE,UNLESS STORAGE IS EXCEEDED.

PROCESSING IS SUCH THAT LOW DENSITY UDR TABLES ASSUME A COMMON GRID

OF PH! PRIME., THETA PRIME. THROUGH ALL THETAS AND MATERIALS.

HIGH DENSITY TABLE PROCESSING DOES NOT ASSUME THIS. THEREFORE BEGINNING
INDEXES CALLED BPHPH] +BTHPH1 ss+ETCe FOR PHI PRIMEWTHETA PRIME FOR

EACH NEwW THETA AND MATERIAL MUST BE MADE AVAILABLE.TO LOCATE THEIR
RELATIVE POSITION IN THE ARRAYS. BURFH]eesETC ARE THE FUNCTION INDEXESe

BI-DIRECTIONAL REFLECTIVITY DATA IS OBTAINED FROM PROGRAM 3920

STORAGE LIMITATIONS

M MAXIMUM = 15

N MAXIMUM = 10

K MAXIMUM = 10

LOW DENSITY UDR DIMENSION FOR EACH MATERIAL MAXIMUM(UDRLXX) MAY NOT EXCE
1500,

THE DIMENSION MAXIMUM FOR HIGH DENSITY UDR TABLES 1S 90 FOR EACH MATERI¢
THIS IS THE CUMULATIVE MAXIMUM FOR THE UDR TABLES THROUGH THE K THETAS.
ANY SINGLE HIGH DENSITY UDR TABLE CORRESPONDING TO A SINGLE THETA

HAS ROW AND COLUMN DIMENSIONS THAT MAY VARY AND ARE COMPUTED FROM THE
BPHPHX AND BTHPHX INDEXES.,

THE SUM OF THE PRODUCTS OF THESE HIGH DENSITY DIMENSIONS THROUGH
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K THETAS MAY NOT EXCEED 90 FOR A GIVEN MATERIAL.

THE SUM OF THE UDR HIGH DENSITY ROW DIMENSIONS REPRESENTED BY PHPHXX MAY
NOT EXCEED 30 FOR A GIVEN MATERIAL.

THE SUM OF THE UDR HIGH DENSITY COLUMN DIMENSIONS REPRESENTED BY THPHXX
MAY NOT EXCEED 30 FOR A GIVEN MATERIAL,

THETAS, LOW DENSITY THETA PRIMES AND PHI PRIMES, SPECULAR FLAGS AND M, A
K ARE STORED VIA BLOCK DATA DECK RFL1le

ALL LOW DENSITY UDR DATA IS STORED AS SETS By PHI PRIME By THETA PRIME
BY MATERIAL VIA BLOCK DATA DECK RFL2.

IF HIGH DENSITY DATA IS TO BE USED IT WwILL HAVE TO BE PLACED IN

ANOTHER BLOCK DATA PROGRAM UNDER NAMED COMMON RFTHI.

IF THERE IS NO SPECULAR HIGH DENSITY TABLE FOR A GIVEN THETA AND
MATERIAL ITS SPECULAR FLAG(SPECF) MUST BY INITIALIZED TO ZERO.

IF THE UDR DATA IS SPECULAR THE SPECF FLAG MUST BE NON-ZERO.

IF A NON SPECULAR UDR SET IMMEDIATELY FOLLOWS A SPECULAR UDR SET

A SYNTHETIC BEGINNING INDEX FOR PH! PRIME AND THETA PRIME EQUAL

TO THE RELATIVE STORAGE LOCATIONS PLUS | OF THE ENDS OF THE IMMEDIATELY
PRECEDING HIGH DENSITY PHI PRIME AND THETA PRIME MUST BE INITIALI1ZED.

s NaNaNeNsNeNeNeNsNsNaNaNeNeNeNeNa o Na N I g

COMMON/RFTLOW/Z/UDRL.O1(1500) +UDRLO2(1500)+UDRLO3(1500) +UDRLO4(1500),
*#UDRLOS(1500) sUDRLOG6(1500)
#THETA(10)s THTPRM(10) +PHIPRM(15)s SPECF(60).
#¥M¢N K
COMMON/RFTHI /UDRHO1 (90) s UDRHO2 (90) s UDRHO3 (90 ) s UDRHO4 (90) + UDRHOS( 90
*) s UDRHOG6(S90)
®PHPHO1{30) +PHPHO2(30) +PHPHO3(30) +PHPHO4 (30) « PHPHOS5(30) ¢+ PHPHOG6(30)
#THPHO1(30) ¢ THPHO2(30) « THPHO3(30) « THPHOA (30) ¢+ THPHOS(30) « THPHO&(30) »
*#BPHPH1I(11)+BPHPH2(11) BPHPH3(11) +BPHPH4(11)BPHPHS(11)BPHPHG6(]11).,
#BTHPH1(11)+BTHPHZ2(11) BTHPH3(11)BTHPHA(11)+BTHPHS(11)BTHPH6(11),
#BURFH1 (10)BURFH2(10) «BURFH3(10) +BURFHA(10) +BURFHS(10)BURFHE(10)
DIMENSION UDRLM(2)
INTEGER SPECF + BPHPH!] + BPHPH2 « BPHPH3 « BPHPHAQ « BPHPHS « BPHPHG6 B THPHL +BTH
#PH2 s BTHPH3 BTHPHA  BTHPHS s BTHPHG6 « BURFH1  BURFH2 « BURFH3 « BURFH4  BURFHS
®+BURFHSE
C SEARCH THETA TABLE
DO 100 1=2.+K
IF{TH.LELTHETA(l)) GO TO 150
100 CONTINUE
1=K
150 1=1-1
IL=1
C COMPUTE SUBSCRIPT TO LOW DENSITY UDR TABLE(ROWS#COLUMNS#®#(I=1)+1)
175 JUJ=ME#NX(]-1)+1
C CHECK IF THETA(1) TABLE HAS SPECULAR LIMITS FOR MATERIAL MAT
C FIRST USE MATERIAL CODE TO COMPUTE SPECULAR FLAG SUBSCRIPT
C K IS THE NO, OF THETAS COMMON TO ALL TABLES
ISF = [+(MAT-1)#K
GO TO(20042104220:230:2404250) MAT
200 IF(SPECF({ISF)«EQe0O) GO TO 400
C MATERIAL | HAS SPECULAR LIMITS
C COMPUTE STARTING AND ENDING SUBSCRIPTS FOR PHIPRIME AND THETAPRIME
C HMIGH DENSITY TABLES
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JP=BPHPH1 (1)
JT= BTHPHI(I)
MH=BPHPH1 (1+1)~1
NH=BTHPHI (I1+1)=1
C CHECK IF ARGUMENTS ARE WITHIN LIMITS
IF(THP e GT e THPHO 1 (JUT) e AND o THP ¢ LT o THPHO 1 (NH) s AND o PHP ¢ GT o PHPHO 1 (JP) o
#AND «PHP 4L ToPHPHO1 (MH)) GO TO 700
C NOT WITHIN LIMITS FOR THIS MATERIAL. USE LOW DENSITY TABLE FOR THIS MATERIAL
GO TO 400
210 IF(SPECF(ISF)eEQe0) GO TO 410
JP=BPHPH2( 1)
JT =BTHPH2(1)
MH=BPHPH2( 1+1)~=1
NH=BTHPH2 ( I+1)~1
IF(THPeGT e THPHOZ2(JT) ¢ AND e THP ¢ LT « THPHO2 (NH) ¢ AND e PHP ¢ GT s PHPHO2 (JP) &
#AND +PHP 4L T« PHPHO2(MH)) GO TO 710
GO TO 410
220 IF(SPECF(ISF)«EQs0) GO TO 420
JP=BPHPH3 (1)
JT =BTHPH3(1)
MH=BPHPH3(1+1) =1
NH2BTHPH3(I+1) -1
IF(THP «GT e THPHO3(JT ) ¢ AND e THP o LT « THPHO3(NH) « AND ¢« PHP ¢ GT « PHPHO 3 ( JP)
* o AND e PHP ¢ LT 4 PHPHO3 (MH) 1GC TO 720
GO TO 420
230 IF(SPECF(ISF).EQ.0) GO TO 430
JP=BPHPH4 (1)
JT=BTHPH4 (1)
MH=BPHPHA ( 1+1) =1
NH=BTHPHA ( 1+1) =1
IF(THP «GT e THPHOA (JT) ¢ AND « THP o LT « THPHO A (NH) ¢ AND « PHP ¢ GT ¢ PHPHO 4 ( JP)
#oAND « PHP 4 LT ¢ PHPHO4 (MH) )} GO TO 730
GO TO 430
240 IF(SPECF(ISF)+EQ.0) GO TO 440
JP=BPHPHS( 1)
JT=BTHPHS (1)
MH=BPHPHS (1+1)=1
NHE=BTHPHS( 14+1) 1
IF(THP «GT e THPHOS(JT ) ¢ AND e THP oLTe THPHOS(NH) « ANDePHP «GT ¢ PHPHOS ( JP)
% AND«PHP LT « PHPHOS (MH) ) GO TO 740
GO TO 440
250 IF(SPECF(ISF).EQe0) GO TO 450
JP=BPHPH6&( 1)
JT=BTHPHE( 1)
MH=BPHPHGE ( 1+1)~1
NH=BTHPH6( 1+1)~1
IF(THP ¢ GT e THPHOG6 (UT ) ¢ AND e THP eLLTe THPHOG6(NH) ¢ AND e PHP « GT s PHPHO 6 ( JP)
# o AND « PHP LT s PHPHOG (MH)) GO TO 750
GO TO 450
c
c LOW DENSITY TABLES DOUBLE LINEAR INTERPOLATION
400 UDRLM(IL)=DTABLU(PHP s THP 4PHIPRM, THTPRM,UDRLO1 (JJJ) ¢M,N)
GO TO 900
410 UDRLM(IL)=DTABLU(PHP s THP 4 PHIPRM, THTPRM,UDRLO2 ( JJJ) +M4N)
GO TO 900
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420 UDRLM(IL)=DTABLU(PHP s THP s PHIPRM, THTPRM,UDRLO3(JJJ) +MeN)
GO TO 900

430 UDRLM( IL)=DTABLU(PHP 4 THP,PHIPRM, THTPRM,UDRL 04 (JJJ) +MsN)
GO TO 900

440 UDRLM( IL)=DTABLU(PHP +THP PHIPRM, THTPRM,UDRLOS(JJJ) +MsN)
GO TO 900

450 UDRLM(IL)=DTABLU(PHP s THP,PHIPRM, THTPRM,UDRLOG ( JJJ) +MsN)
GO TO 900

HIGH DENSITY TABLES DOUBLE LINEAR INTERPOLATION
COMPUTE BEGINNING SUBSCRIPT FOR UDR HIGH DENSITY TABLE
AND DIMENSIONS
700 MS=BURFH1(1)
MH=zMH=JP 4+ 1
NH=ENH=JT+1
UDRLM( IL)=2DTABLU(PHP ¢ THP ¢ PHPHO 1 (JP) ¢« THPHO 1 (JT) « UDRHO 1 (MS) MH NH)
GO TO 900
710 MS=BURFH2(1)
MHzMH=JP+1
NHz=NH=JT+1 .
UDRLM( IL Yy=DTABLU(PHP s THP s PHPHO2 ( JP) « THPHO2(JT) s UDRHOZ2(MS ) s MH sNH)
GO TO 900
720 MS=BURFH3(1)
MH=MH=JP 41
NHENH=JT+1
UDRLM( IL )=DTABLU(PHP s THP s PHPHO3(JP) « THPHO3(JT) s UDRHO3(MS) sMH NH)
GO TO 900
730 MS=BURFHA4 (1)
MH=MH=JP 4+ 1
NH=NH=JT+1
UDRLM(IL)=DTABLU(PHP s THP s PHPHO& ( JUP) s THPHOA4 (JT) + UDRHO4 (MS) ¢ MH NM)
GO TO 900
740 MS=BURFHS(1)
MH=MH=-JP+1
NH=NH=JT +1
UDRLM( IL )Y=DTABLU(PHP  THP s PHPHOS (JP) o THPHOS(JT ) s UDRHOS (MS ) s MH NH)
GO TO 900
750 MS=BURFH6(1)
MH=MH=JP +1
NHz=NH=JT+1
UDRLM(IL)=DTABLUIPHP ¢ THP 4 PHPHOG6 ( JP) s THPHOG6( JT) s UDRHOS (MS ) ¢ MH 4 NH )
900 IF(ILeEQel)Y GO TO 950
SINGLE LINEAR INTERPOLATE THETA ARGUMENT AFTER UDR FOR ADJACENT THETAS
HAS BEEN COMPUTED
REFLEC=TABLU(THTHETA(I=1)+UDRLM,2)
RETURN
LOWER ADJACENT THETA LOGIC COMPLETE. DO LOGIC FOR UPPER ADJACENT THETA,
950 1=1+41
IL=1L+1
GO TO 175
END

59



REAL FUNCTION JPLLRM(A,:8)

C PROGRAMMED BY Je We GEANACOU, GENERAL DYNAMICS CONVAIR

DOUBLE LINEAR INTERPOLATION

C-TwO INDEPENDENT VARIABLES A AND B ARE L INEARLY INTERPOLATED TO Y AND X
C +RESPECTIVELY. TO OBTAIN Z

C-A 1S THE Y INPUT VALUE,

C~B IS THE X INPUT VALUE,

C-X 1S THE LOCATION OF THE X VALUES IN THE TABLE(TAU ANGLES IN LUNAR

C REFLECTIVITY MODEL)

C~-

C~vy
cT
c-Z

1
HE
I

S THE LOCATION OF THE Y VALUES IN THE TABLE(ALPHA, THE PHASE ANGLES
LUNAR REFLECTIVITY MODEL)
S THE LOCATION OF THE Z VALUES IN THE TABLE(PHOFUNs THE LUNAR

C REFLECTIVITY FUNCTION)

C-NX 1S THE NUMBER OF ROWS OF THE Z TABLE(=NUMBER OF X TABLE VALUES)
C-NY
C INPUT VARIABLES OUT OF TABLE LIMITS ARE SET TO TABLE LIMITS

C SET

10

14

15

C SET

17
18

IS THE NUMBER OF COLUMNS OF THE Z TABLE(= NUMBER OF Y TABLE VALUES)

DIMENSION X(9)sY(19)¢2(9,19)

DATA (Xz*80,+=60e9=40e3-206¢0,1206140.4604+¢80,)

DATA (Y20e454910¢415¢12004230014004504160637044800930441C0e0¢11040s
112004130604 1404641506¢1604)

DATA (Z29(e09)s3(e07) 2407024007084 60694, 0674+40614+40418,4+0585,
A2(e0584) 4 ¢05851 00576400551 4604934603879 064605184¢0516440514,4.0513,
Be0S08+e04731e039540025+0612(40466)4¢0863+008614404544,0410400315,
Ce0139006400804,408,003924¢0381960358+1e030484¢019642(06)+¢035440344,
De0333+40314,¢028143¢021744008942(04)160313+4003014+460284,4+0255440214,
EeO139e3(06)160276+60264,.0241440206¢00149,40066¢3(046)40025,40221,
Fe0204¢001644009648(00) 1602254402031 ¢0187¢601184¢0048544(0e) 1002,
Ge0169+60131460076¢5(00) 1401724001481 ,43601440039:5(0e)960146,440113,
He0O06646(00)1 601224400854 4003246(06)+6009944005647(06) 400074440026,
17(06e)9e00487,8(06)4¢002448(06))

C=A

D=B

DO S I=1,9

IF(1eEQeleANDeDeLTeX(1))GO TO 7

IF(D=X(1))10s 845

CONT INVE

1=9

TO UPPER OR LOWER LIMIT IF QUTSIDE LIMIT

D=X(1)

IF(1eNES1)YGO TO 10

NX1=1l

NX2=1+1

GO TO 14

NX1z]e=1

NX2=1

DO 15 1=14+19

IF(1eEQe1eAND4C ol ToaY(I))IGO TO 17

IF(C=Y(1))20+s18:15

CONT INUVE

1=19

TO UPPER OR LOWER LIMIT IF OUTSIDE LIMIT

C=Y(1)

IF(1eNEL.1)GO TO 20

NY1=1

NY2=1+1

\
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GO TO 25

20 NY1=1-1
NY2x ]

25 RATIO=(D=XI{NX1))/(XINX2)=X{NX1))
TEMI=Z(NX1oNY1)®H(1e=RATIOI+Z (NX2:NY1)%#RATIO
TEM2=Z(NX1+NY2)#(1e~RATIO)I+Z(NX2  NY2)#*#RATIO
RATIO=(C~Y(NY1) )/ (Y (NY2)~=Y(NY1))

JPLLRM =TEMI#(1.~RATIO)+TEM2#RATIO
RETURN
END



FUNCTION VMAG(VeN)

COMPUTES THE MAGNITUDE OF A VECTOR
ODIMENSION V(N)

VM:O.

DO 5 I:l 4 f‘w

VMzZVM+V (1) %42

VMAG=SGRT (VM)

RETURN
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SUBROUTINE MTMPY (AeBeCoel eMeN)
DIMENSION A(LeM)eB(MeN)oC(LeN)
LO 1 ISieN

00O 1 u=1.L

C(\J'I):Oo

UO L K=1leM
ClurI)=ClUrI)+ALUIK)2B(K, 1)
RETURN

END



SUBROUTINE TRS (AsBsMsN)
DIMENSION A(MeN) ¢B(NeM)
DO 1 I=1/N

U0 1 J=1M

Blled)=A(JrI)

RETURI

END
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SUBROUTINE VCRSUAsBe2)
CROSS PHRODUCT
TwO VECIORS A AND B ARE INPUT. THEIR
CrOSS PRODUCT (A CROSS B) IS COMPUTED
AND TrE KESULTING VECTOR IS QUTPUT
I 2o
DIMENSION A(3)eB(3)e2(3)
Z(1)=A(2)*B(3)=-B(2)%A(3)
2(2)=6(1)*A(3)=A(1)%B(3)
ZL3)=A(1)2B8(2)=B(1)%A(2)
RETURIN
ENU

EUN -



SUBKOUTINE UNITCA»ZeN)
C FORMS A UNIT VECTOR
C THE VECTOR A IS INPUT AND THE OUTPUT
C VECTOR Z IS THE UNIT VECTOR A

UDIMENSION A{N) o Z2(N)

X=VMAG(AIN)

0O 1 J=1N

1l Z(U)=A(JI/X
RETUKIN
Ly
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FUNCTION VDOT{(A»BsN)
COT PrOLUCT
THE INPUT ARGUMENTS ARE THE VECTORS(N=DIMENSIONAL)
A AND be THE DOT PRODUCT (A DOT 8B)
1S COMPUTED.
UIMENSION A(N)/BIN)
VEOT=0e
LG 1 J=1eN
1 VOOT=A{J) sB(J)+VUOT
KETURN
ERD

-




SUBKOUTINE MADD1(NROW/NCOL?A»S1,C)
UIMLNSTON A(NROWsNCOL) +C (NROWsNCOL)
UG 1 I=1eNCOL

U0 1 J=1+NROW

C(JUr1)=S1%A(Jr])

RETURN

END




SUSBROUTINE MADDZ2 INROW'NCOLrA¢S]1,B¢S2,C)
UIMENSION A(NROWeNCOL) ¢+ B(INROWsNCOL) o C (NROWINCOL)
UO 1 I=1+NCOL

L0 1 JU=1+NROW

Clur [ )=S1#A(U 1) +S2%5( U0 )

RETURI

ENU
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APPENDIX A
AN ANNOTATED COPY OF

VISIBILITY PROGRAM INTERFACE DESCRIPTION

The following information is to define the interface between the existing
NASA "LEM Visibility Program" and the proposal for "Visual Detection of
Objects in the Space Environment" (a revision to Convair's proposal
GDA-DEE64-070).

Reference Frame:

The inertial reference frame is selenocentric with respective axes parallel
to a geocentric system defined by the mean equator and the ecliptic at the
nearest beginning of a besselian year. The X axis is in the direction of
the vernal equinox, the Z axis along the mean pole, and the Y axis to form
a right-handed orthogonal system. All position and velocity data are
referenced to this system (Figure 1).

Units:
The cartesian coordinates of the earth and sun are measured in earth radii

(1L E.R. = 3963.20006 US statute miles). The cartesian coordinates of the
LEM and CSM are measured in feet and velocities in ft/sec.

TP$S(1) = X component of target vehicle

TPpS(2) = Y component of target vehicle

TP@S(3) = Z component of target vehicle

TATT(1) = angular rotation about target X axis
TATT(2) = angular rotation about target Y axis(1)
TATT(3) = angular rotation about target Z axis

I1lum = intensity of reflected light computed in subroutine GDA.

Photometric Function Subroutine:

The subroutine(e) to compute the photometric function is called as follows:
carr JeireM (1, EP(3), PHEFUN)

where:
I = angle between source and surface normal

EP = angle between normal and viewing line
Phofun = photometric function (Figure 2)(4)

Body Attitudes:

All angular rotations are measured in radians. When all angular rotations
are zero, the body axes are respectively parallel to-the inertial axes.

T1



Subroutine "GDA":

The calling sequence of the subroutine, written by General Dynamics
Convair, should be of the following form:

where:

NOTES:

(1)

(2)

(3)
(%)

(5)

CALL GDA (SPg¢S, EPgS, TP¢S, TATT, IIlUM)(S)

SP#S(1) = X component of sun
SP¢sS(2) = Y component of sun
SP¢sS(3) = Z component of sun
EP¢S(1) = X component of earth
EPpS(2) = Y component of earth
EPpS(3) = Z component of earth

TNPT(l 5 TATT (2)? TATT( )’ are defined as yaw, pitch and roll
in tha% order as deflneg in Section 2.7.

A subroutine was not supplied -~ rather NASA/MSC supplied the
photometric function (tabular form of figure 4) for direct
use by the TDM as a double table look-up.

Arguments used by table look-up are o and T not I and EP.

The photometric function is used in the manner of equation (8)
to compute luminosity.

The vector ¢P@S (cbserver position) was added here.
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